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OUR CHANGING CLIMATE

Climate and the Greenhouse Effect

arth’s climate is determined by complex interactions between the sun,oceans,atmos-
phere,land,and living things. The composition of the atmosphere is particularly

important because certain gases (including water vapor, carbon dioxide,methane,halocar-
bons,ozone,and nitrous oxide) absorb heat radiated from the Earth's surface. As the
atmosphere warms,it in turn radiates heat back to the surface,to create what is common-
ly called the "greenhouse effect."  Changes in the composition of the atmosphere alter the
intensity of the greenhouse effect. Such changes,which have occurred many times in the
planet’s history, have helped determine past climates and will affect the future climate as
well.

Human Activities Alter the Balance

umans are exerting a major and growing influence on some of the key factors that
govern climate by changing the composition of the atmosphere and by modifying

the land surface. The human impact on these factors is clear. The concentration of car-
bon dioxide (CO2) has risen about 30% since the late 1800s. The concentration of CO2 is
now higher than it has been in at least the last 400,000 years. This increase has resulted
from the burning of coal,oil,and natural gas,and the destruction of forests around the
world to provide space for agriculture and other human activities. Rising concentrations
of CO2 and other greenhouse gases are intensifying Earth’s natural greenhouse effect.
Global projections of population growth and assumptions about energy use indicate that
the CO2 concentration will continue to rise,likely reaching between two and three times
its late-19th-century level by 2100. This dramatic doubling or tripling will occur in the
space of about 200 years,a brief moment in geological history.
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Global projections
based on population
growth and assump-
tions about energy
use indicate that the
CO2 concentration will
continue to rise, likely
reaching somewhere
between two and
three times its pre-
industrial level by
2100. 

       

          

     

   

About half the solar energy
absorbed at the surface
evaporates water, adding the
most important greenhouse
gas to the atmosphere.
When this water condenses
in the atmosphere, it releas-
es the energy that powers
storms and produces rain
and snow.

The surface cools by radiating heat ener-
gy upward.  The warmer the surface, the
greater the amount of heat energy that is
radiated upward.

Only a small amount of the heat
energy emitted from the surface
passes through the atmosphere
directly to space.  Most is absorbed
by greenhouse gas molecules and
contributes to the energy radiated
back down to warm the surface and
lower atmosphere.  Increasing the
concentrations of greenhouse gases
increases the warming of the surface
and slows loss of energy to space.

About 30% of incoming
solar energy is reflected
by the surface and the
atmosphere

The Earth’s Greenhouse Effect



The Climate Is Changing

s we add more CO2 and other
heat-trapping gases to the

atmosphere,the world is becoming
warmer (which changes other
aspects of climate as well). Historical
records of temperature and precipita-
tion have been extensively analyzed
in many scientific studies. These stud-
ies demonstrate that the global aver-
age surface temperature has
increased by over 1ºF (0.6ºC) during
the 20th century. About half this rise
has occurred since the late 1970s.
Seventeen of the eighteen warmest
years in the 20th century occurred
since 1980. In 1998,the global tem-
perature set a new record by a wide
margin, exceeding that of the previ-
ous record year, 1997, by about 0.3ºF
(0.2ºC). Higher latitudes have
warmed more than equatorial
regions,and nighttime temperatures
have risen more than daytime tem-
peratures.

As the Earth warms,more water evap-
orates from the oceans and lakes,
eventually to fall as rain or snow.
During the 20th century, annual pre-
cipitation has increased about 10% in
the mid- and high-latitudes. The
warming is also causing permafrost
to thaw, and is melting sea ice,snow
cover, and mountain glaciers. Global
sea level rose 4 to 8 inches (10-20
cm) during the 20th century because
ocean water expands as it warms and
because melting glaciers are adding
water to the oceans.

According to the Intergovernmental
Panel on Climate Change (IPCC),sci-
entific evidence confirms that human
activities are a discernible cause of a
substantial part of the warming expe-
rienced over the 20th century. New
studies indicate that temperatures in
recent decades are higher than at any
time in at least the past 1,000 years.
It is very unlikely that these unusually
high temperatures can be explained 
solely by natural climate variations.

The intensity and pattern of tempera-
ture changes within the atmosphere
implicates human activities as a
cause.

The relevant question is not whether
the increase in greenhouse gases is
contributing to warming,but rather,
what will be the amount and rate of
future warming and associated cli-
mate changes,and what impacts will
those changes have on human and
natural systems.
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Carbon Emissions

Fossil-fuels (Gt C)
Land-use Change (Gt C)

Records of Northern Hemisphere surface tem-
peratures, CO2 concentrations, and carbon emis-
sions show a close correlation.  Temperature
Change: reconstruction of annual-average
Northern Hemisphere surface air temperatures
derived from historical records, tree rings, and
corals (blue), and air temperatures directly meas-
ured (purple). CO2 Concentrations: record
of global CO2 concentration for the last 1000
years, derived from measurements of CO2 con-
centration in air bubbles in the layered ice cores
drilled in Antarctica (blue line) and from atmos-
pheric measurements since 1957. Carbon
Emissions: reconstruction of past emissions
of CO2 as a result of land clearing and fossil fuel
combustion since about 1750 (in billions of met-
ric tons of carbon per year).   
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or this study, three tools were
used to examine the potential

impacts of climate change on the US:
historical records,comprehensive
state-of-the-science climate simulation
models,and sensitivity analyses
designed to explore our vulnerability
to future climate change. These three
tools were used because prudent risk
management requires consideration
of a spectrum of possibilities.

Historical Records

ow do changes in climate af fect
human and natural systems?

Records from the past provide an
informed perspective on this ques-
tion. There have been a number of
climate variations and changes during
the 20th century. These include sub-
stantial warming,increases in precipi-
tation,decade-long droughts,and
reduction in snow cover extent.
Analyzing these variations,and their
effects on human and natural sys-
tems,provides important insights into
how vulnerable we may be in the
future.

Climate Model Simulations

lthough Earth’s climate is
astoundingly complex,our abili-

ty to use supercomputers to simulate
the climate is growing. Today’s cli-
mate models are not infallible,but
they are powerful tools for under-
standing what the climate might be
like in the future.

A key advantage of climate models is
that they are quantitative and ground-
ed in scientific measurements. They
are based on fundamental laws of
physics and chemistry, and incorpo-
rate human and biological interac-
tions. They allow examination of a
range of possible futures that cannot
be examined experimentally.

Our confidence in the accuracy of cli-
mate models is growing. The best
models have been carefully evaluated
by the IPCC and have the ability to
replicate most aspects of past and
present climates. Two of these mod-
els have been used to develop cli-
mate change scenarios for this
Assessment.These scenarios should
be regarded as projections of what
might happen, rather than precise
predictions of what will happen.

Sensitivity Analyses

hat degree of climate change
would cause significant

impacts to natural and human sys-
tems?  In other words,how vulnera-
ble and adaptable are we?  To help
answer such questions,scientists can
perform "sensitivity analyses" to
determine under what conditions and
to what degree a system is sensitive
to change. Such analyses are not pre-
dictions that such changes will,in
fact,occur; rather, they examine what
the implications would be if the spec-
ified changes did occur. For example,
an analyst might ask,"How large
would climate change have to be in
order to cause a specified impact?"
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Climatologists use two types of data to monitor climate change.  The first are historical measurements of temperature, precipitation,
humidity, pressure, and wind speed taken at thousands of locations across the globe.  Because observing methods, instruments,
and station locations have changed over time, climatologists use various methods to crosscheck and corroborate these historical
data sets. For example, satellite and balloon records confirm that the planet has been warming for the past four decades, although
rates of atmospheric and surface warming differ somewhat from decade to decade.  To peer further back into the past, climatologists
also analyze physical, biological, and chemical indicators.  For example, past climate conditions can be inferred from the width of
tree rings, air trapped in ancient ice cores, and sediment deposited at the bottom of lakes and oceans.  Taken together, this informa-
tion demonstrates that the Earth’s climate over the past 10,000 years has been relatively stable compared to the 10,000 years that
preceeded this period and compared to the 20th century.

TOOLS FOR ASSESSING CLIMATE CHANGE IMPACTS 
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Earth's climate is far too complex to
reproduce in a laboratory.  An alternative is
to devise a mathematical representation, or model,
that can be used to simulate past, present, and future
climate conditions.  These models incorporate the key physi-
cal parameters and processes that govern climate behavior.  Once
constructed, they can be used to investigate how a change in green-
house gases, or a volcanic eruption, might modify the climate.  

Computer models that simulate Earth's climate are called General Circulation Models or GCMs.  The
models can be used to simulate changes in temperature, rainfall, snow cover, winds, soil moisture, sea
ice, and ocean circulation over the entire globe through the seasons and over periods of decades.
However, mathematical models are obviously simplified versions of the real Earth that cannot capture
its full complexity, especially at smaller geographic scales.  Real uncertainties remain in the ability of
models to simulate many aspects of the future climate.  The models provide a view of future climate
that is physically consistent and plausible, but incomplete.  Nonetheless, through continual improve-
ment over the last several decades, today’s GCMs provide a state-of-the-science glimpse into the next
century to help understand how climate change may affect the nation.

Climate Models
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TOOLS FOR ASSESSING CLIMATE CHANGE IMPACTS 

Scenarios of the Future

nformation about the future is valuable, even if it is somewhat uncertain. For example,
many people plan their days around weather forecasts with uncertainty conveyed in

words or numbers. If there is "a 70% chance of rain" we might take an umbrella with us
to work. It may not rain,but if it does, we are prepared. Likewise,although the tools used
in this report to explore the possible range of climate change impacts – historical records,
computer simulations,and sensitivity analyses – contain uncertainties,their use still pro-
vides much valuable information for policymakers,planners,and citizens.

The fact that the climate is changing is apparent from detailed historical records of cli-
mate that provide a benchmark for assessing the future. Scientists’understanding of
America’s future climate – and of the impacts that this altered climate is likely to have on
agriculture,human health, water resources,natural ecosystems,and other key issues – has
been advanced by the use of computer simulations. Together, the historical record and
computer simulations indicate that America’s climate is very likely to continue changing
in the 21st century, and indeed,that these changes are likely to be substantially larger than
those in the 20th century, with significant impacts on our nation.

Climate Models used in the US Assessment

limate models continue to improve,and assumptions about future greenhouse gas
emissions continue to evolve. The two primary models used to project changes in

climate in this Assessment were developed at the Canadian Climate Centre and the Hadley
Centre in the United Kingdom. They have been peer-reviewed by other scientists and
both incorporate similar assumptions about future emissions (both approximate the mid-
range emissions scenario described on page 4).These models were the best fit to a list of
criteria developed for this Assessment.Climate models developed at the National Center
for Atmospheric Research (NCAR),NOAA's Geophysical Fluid Dynamics Laboratory
(GFDL), NASA's Goddard Institute for Space Studies (GISS),and Max Planck Institute (MPI)
in Germany, were also used in various aspects of the Assessment.

While the physical principles driving these models are similar, the models differ in how
they represent the effects of some important processes. Therefore,the two primary mod-
els paint different views of 21st century climate. On average over the US,the Hadley
model projects a much wetter climate than does the Canadian model,while the Canadian
model projects a greater increase in temperature than does the Hadley model. Both pro-
jections are plausible, given current understanding. In most climate models,increases in
temperature for the US are significantly higher than the global average temperature
increase. This is due to the fact that all models project the warming to be greatest at mid-
dle to high latitudes,partly because melting snow and ice make the surface less reflective
of sunlight,allowing it to absorb more heat. Warming will also be greater over land than
over the oceans because it takes longer for the oceans to warm.
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On average over the
US, the Hadley model
projects a wetter cli-
mate than does the
Canadian model,
while the Canadian
model projects a
greater increase in
temperature than
does the Hadley
model.



Uncertainties about future climate
stem from a wide variety of factors,
from questions about how to repre-
sent clouds and precipitation in cli-
mate models to uncertainties about
how emissions of greenhouse gases
will change. These uncertainties
result in differences in climate model
projections. Examining these differ-
ences aids in understanding the range
of risk or opportunity associated with
a plausible range of future climate
changes. These differences in model
projections also raise questions about
how to interpret model results,espe-
cially at the regional level where pro-
jections can differ significantly.
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Changes in Temperature over the US
Simulated by Climate Models

Simulations from leading climate models of changes in decadal average surface temperature for
the conterminous US (excluding Alaska and Hawaii) based on historic and projected changes in
atmospheric concentrations of greenhouse gases and sulfate aerosols.  The heavy red and black
lines indicate the primary models used by the National Assessment.  For the 20th century, the
models simulate a US temperature rise of about 0.7 to 1.9˚F, whereas estimates from observations
range from 0.5 to 1.4˚F; estimates for the global rise are 0.9 to 1.4˚F for models and 0.7 to 1.4˚F for
observations, suggesting reasonable agreement.  For the 21st century, the models project warm-
ing ranging from 3 to 6˚F for the globe and 3 to 9˚F for the US.  The two models at the low end of
this range assume lower emissions of greenhouse gases than do the other models.

Observed and Modeled 
Average Annual Temperature

Observed 1961-1990 Average

Canadian Model 1961-1990 Average

Hadley Model 1961-1990 Average

The observed temperature averages for 1961-1990 are simi-
lar to the temperatures simulated by the Canadian and
Hadley models for the same time period.  These are the two
primary models used to develop climate change scenarios
for this Assessment.

100ºF

90ºF

80ºF

70ºF

60ºF

50ºF

40ºF

30ºF

20ºF

10ºF

0ºF

+100ºF

90ºF

80ºF

70ºF

60ºF

50ºF

40ºF

30ºF

20ºF

10ºF

0ºF

+100ºF

90ºF

80ºF

70ºF

60ºF

50ºF

40ºF

30ºF

20ºF

10ºF

0ºF

Range of Projected Warming
in the 21st Centur y

*Hadley Centre - version 2
*Canadian Centre
Max Planck Institute
Geophysical Fluid Dynamics Laboratory
Hadley Centre - version 3
NCAR - parallel version
NCAR - climate system model

*Hadley Model       +5ºF        +5ºF

*Canadian Model   +8ºF        +9ºF

MPI, GFDL and    +3 to 6ºF  +3 to 9ºF
NCAR Models  

Global       US

The two primary cli -
mate models used
in this Assessment

have been peer-
reviewed and both
incorporate similar
assumptions about

future emissions
(both approximate
the IPCC "IS92a"

scenario with a 1%
per year increase in

greenhouse gases
and growing sulfur

emissions).

1850 1900 1950 2000 2050 2100

9

8

7

6

5

4

3

2

1

0

-1

-2

-3

-4

-5

*The two primary models used in the Assessment.



18

TOOLS FOR ASSESSING CLIMATE CHANGE IMPACTS 

Interpreting Climate Scenarios

ur level of confidence in climate scenarios depends on what aspect is being consid-
ered,and over what spatial scale and time period.Increases in greenhouse gases will

cause global temperatures to increase. There is less certainty about the magnitude of the
increase,because we lack complete knowledge of the climate system and because we do
not know how human society and its energy systems will evolve. Similarly, we are confi-
dent that higher surface temperatures will cause an increase in evaporation,and hence in
precipitation,but less certain about the distribution and magnitude of these changes.

The most certain climate projections are those that pertain to large-scale regions,are
given as part of a range of possible outcomes,and are applied to trends over the next cen-
tury. Model projections of continental-scale and century-long trends are more reliable
than projections of shorter-term trends over smaller scales. Projections on a decade-by-
decade basis,and projections of transient weather phenomena such as hurricanes,are
considerably less certain. Two examples serve to illustrate this point. Most climate mod-
els project warming in the eastern Pacific, resulting in conditions that look much like cur-
rent El Niño conditions. When today’s existing El Niño pattern is superimposed on this El
Niño-like state,El Niño events would likely be more intense,as would their impacts on US
weather. Some recent studies suggest that El Niño and La Niña conditions are likely to
become more frequent and intense.Other studies suggest little overall change. While
these projections must be interpreted with caution,prudent risk management suggests
considering the possibility of increases in El Niño and La Niña intensity and frequency.

The projections are less certain regarding changes in the incidence of tropical storms and
hurricanes. Some recent studies suggest that hurricanes will become more intense,while
others project little change. It is possible that a 5-10% increase in hurricane wind speed
will occur by 2100;confirming this remains an important research issue. Perhaps a more

important concern is rainfall during hurricanes.
One set of model simulations projects that peak
precipitation rates during hurricanes will increase
25-30% by the end of the 21st century. Today, El
Niño conditions are associated with increased
Pacific and decreased Atlantic hurricane frequen-
cies. La Niña is associated with increased Atlantic
hurricane frequencies. However, hurricane forma-
tion is dependent on a large number of atmos-
pheric and surface conditions. Given these com-
plex dynamics,projections for changes in the fre-
quency and paths of tropical storms must be
viewed with caution.
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El Niño and La Niña Effects on the Chance of
Landfalling Hurricanes over the 20th Century

During El Niño and La Niña years, the chance of land-
falling hurricanes on the Gulf and Atlantic coasts changes
dramatically, as seen in this chart based on data since
1900. During El Niño years the chance of hurricanes is
greatly reduced;  no more than two hurricanes have ever
made landfall during an El Niño year. On the other hand,
during La Niña years, the chance of hurricanes greatly
increases;  there has been nearly a 40% chance of three or
more hurricanes making landfall during a La Niña year.

Model projections
of continental-scale
and century-long
trends are more reli -
able than projec-
tions of shorter-term
trends over smaller
scales.
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A Continually Changing Climate and the Potential for Surprises

t is essential to note that the 21st century’s climate,unlike that of the preceeding thou-
sand years,is not expected to be stable but is very likely to be in a constant state of

change. For example,the duration and amount of ice in the Great Lakes is expected to
decrease. It is possible that in the short term an increase in "lake effect" snows would be
a consequence during mid-winter, though they would likely decrease in the long term.
Across the nation,as climate continues to warm,precipitation is very likely to increasingly
fall as rain rather than snow. Such continuously changing climate presents a special chal-
lenge for human adaptation.

In addition,there is the potential for "surprises."  Because climate is highly complex,it is
important to remember that it might surprise us with sudden or discontinuous change,or
by otherwise evolving quite differently from what is expected. Surprises challenge
humans' ability to adapt,because of how quickly and unexpectedly they occur. For exam-
ple,what if the Pacific Ocean warms in such a way that El Niño events become much
more extreme?  This could reduce the frequency, but perhaps not the strength,of hurri-
canes along the East Coast,while on the West Coast,more severe winter storms, extreme
precipitation events,and damaging winds could become common. What if large quanti-
ties of methane,a potent greenhouse gas currently frozen in icy Arctic tundra and sedi-
ments,began to be released to the atmosphere by warming,potentially creating an ampli-
fying "feedback loop" that would cause even more warming?  We simply do not know
how far the climate system or other systems it affects can be pushed before they respond
in unexpected ways.

There are many examples of potential surprises,each of which would have large conse-
quences. Most of these potential outcomes are rarely reported,in this study or elsewhere.
Even if the chance of any particular surprise happening is small,the chance that at least
one such surprise will occur is much greater. In other words,while we can't know which
of these events will occur, it is likely that one or more will eventually occur.

Another caveat is appropriate: climate scenarios are based on emissions scenarios for vari-
ous gases. The development of new energy technologies,the speed of population growth,
and changes in consumption rates each have the potential to alter these emissions in the
future,and hence the rate of climate change.

A continuously chang-
ing climate presents a

special challenge for
human adaptation.  

Because climate is
highly complex, it is

important to remem-
ber that it might sur-
prise us with sudden

or discontinuous
change.

We simply do not
know how far the cli-
mate system or other
systems it affects can

be pushed before they
respond in unexpect-

ed ways.
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Water temperature profile in the Pacific Ocean, January 1997. Water temperature profile in the Pacific Ocean, November 1997.

During El Niño conditions, the equatorial pool of warm water (shown in red) expands and moves eastward to span the entire equatorial Pacific east of
the dateline.  This dramatic warming affects global atmospheric circulation including effects on the jet stream, winter storms, and tropical storms.



How to read these maps: The color scale indicates changes in
temperature in ºF over a 100 year period.   For example, at 0ºF
there is no change; at +10ºF  there is a 10ºF increase from the
begining to the end of the century.

Past and Future US
Temperature Change

bservations from 1200 weather
stations across the US show

that temperatures have increased
over the past century, on average by
almost 1ºF (0.6˚C).The coastal
Northeast,the upper Midwest,the
Southwest,and parts of Alaska have
experienced increases in the annual
average temperature approaching 4ºF
(2ºC) over the past 100 years. The
rest of the nation has experienced
less warming. The Southeast and
southern Great Plains have actually
experienced a slight cooling over the
20th century, but since the 1970s
have had increasing temperatures as
well. The largest observed warming
across the nation has occurred in
winter.

Average warming in the US is project-
ed to be somewhat greater than for
the world as a whole over the 21st
century. In the Canadian model sce-
nario,increases in annual average
temperature of 10ºF (5.5ºC) by the
year 2100 occur across the central US
with changes about half this large
along the east and west coasts.
Seasonal patterns indicate that pro-
jected changes will be particularly
large in winter, especially at night.
Large increases in temperature are
projected over much of the South in
summer, dramatically raising the heat
index (a measure of discomfort based
on temperature and humidity).

In the Hadley model scenario,the
eastern US has temperature increases
of 3-5ºF (2-3ºC) by 2100 while the
rest of the nation warms more,up to
7ºF (4ºC),depending on the region.

In both models,Alaska is projected to
experience more intense warming
than the lower 48,and in fact,this
warming is already well underway. In
contrast,Hawaii and the Caribbean
islands are likely to experience less
warming than the continental US,
because they are at lower latitudes
and are surrounded by ocean,which
warms more slowly than land.
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Both the Canadian and Hadley model
scenarios project substantial warming
during the 21st century.  The warming
is considerably greater in the Canadian
model, with most of the continental US
experiencing increases from 5 to 15˚F.
In this model, the least warming occurs
in the West and along the Atlantic and
Gulf Coasts.  In the Hadley model,
annual temperatures are projected to
increase from 3 to 7˚F, with the largest
warming occurring in the western half
of the country.  

LOOKING AT AMERICA’S CLIMATE

Temperature Change

Observed 20th Century

Canadian Model 21st Century

Hadley Model 21st Century

The change in the annual average temperature over the
20th century has a distinctive pattern.  Most of the US has
warmed, in some areas by as much as 4˚F.  Only portions
of the southeastern US have experienced cooling, and this
was primarily due to the cool decades of the 1960s and
1970s.  Temperatures since then have reached some of the
highest levels of the century.
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Summer Maximum and Winter Minimum Temperature Change
Canadian Model 21st Century Summer Maximum
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Maximum Temperature
in the US (annual average)

Minimum Temperature
in the US (annual average)

The annual average of minimum and maxi-
mum temperatures are compiled from the
daily lows and highs.  These graphs show
the lows and highs, averaged over the year
and over the lower 48 states.  The green line
shows observed temperatues while the red
and blue lines are model projections for the
future.

The minimum and maximum temperatures
are important because, far more than the
average, they influence such things as
human comfort, heat and cold stress in
plants and animals, maintenance of snow-
pack, and pest populations (many pests are
killed by low temperatures; a rise in the mini-
mum often allows more pests to survive).

Hadley Model
Canadian Model
Observations

Hadley Model
Canadian Model
Observations
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Average US warming is 
projected to be somewhat

greater than global average
warming over the 21st century.
Large increases in temperature
are projected over much of the
South in summer, dramatically

raising the heat index (a meas-
ure of discomfort based on tem-

perature and humidity).

Canadian Model 21st Century Hadley Model 21st Centur y

The projected changes in the heat index for the
Southeast are the most dramatic in the nation with the
Hadley model suggesting increases of 8 to 15ºF for the
southernmost states, while the Canadian model proj-
ects increases above 25ºF for much of the region.

July Heat
Index Change
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Changes in Precipitation

verage US precipitation has
increased by 5-10% over the last

century with much of that due to an
increase in the frequency and intensi-
ty of heavy rainfall. Precipitation
increases have been especially note-
worthy in the Midwest,southern
Great Plains,and parts of the West
and Pacific Northwest.Decreases
have been observed in the northern
Great Plains.

For the 21st century, the Canadian
model projects that percentage
increases in precipitation will be
largest in the Southwest and
California,while east of the Rocky
Mountains,the southern half of the
nation is projected to experience a
decrease in precipitation. The per-
centage decreases are projected to be
particularly large in eastern Colorado
and western Kansas,and across an

arc running from Louisiana to
Virginia. Projected decreases in pre-
cipitation are most evident in the
Great Plains during summer and in
the East during both winter and sum-
mer. The increases in precipitation
projected to occur in the West,and
the smaller increases in the
Northwest,are projected to occur
mainly in winter.

In the Hadley model,the largest per-
centage increases in precipitation are
projected to be in the Southwest and
Southern California,but the increases
are smaller than those projected by
the Canadian model. In the Hadley
model,the entire US is projected to
have increases in precipitation,with
the exception of small areas along
the Gulf Coast and in the Pacific
Northwest.Precipitation is projected
to increase in the eastern half of the
nation and in southern California and
parts of Nevada and Arizona in sum-

mer, and in every region during the
winter, except the Gulf States and
northern Washington and Idaho.

In both the Hadley and Canadian
models,most regions are projected to
experience an increase in the fre-
quency of heavy precipitation events.
This is especially notable in the
Hadley model,but the Canadian
model shows the same characteristic.

While the actual amounts are modest,
the large percentage increases in rain-
fall projected for the Southwest are
related to increases in atmospheric
moisture and storm paths. A warmer
Pacific would pump moisture into
the region and there would also be a
southward shift in Pacific Coast storm
activity. In the Sierra Nevada and
Rocky Mountains, much of the
increased precipitation is likely to fall
as rain rather than snow, causing a
reduction in mountain snow packs.

LOOKING AT AMERICA’S CLIMATE

Precipitation Change
Observed 20th Century

Canadian Model 21st Centur y

Significant increases in precipitation have occurred across much of
the US in the 20th century.  Some localized areas have experienced
decreased precipitation.  The Hadley and Canadian model scenarios
for the 21st century project substantial increases in precipitation in
California and Nevada, accelerating the observed 20th century trend
(some other models do not simulate these increases).  For the east-
ern two-thirds of the nation, the Hadley model projects continued
increases in precipitation in most areas.  In contrast, the Canadian
model projects decreases in precipitation in these areas, except for
the Great Lakes and Northern Plains, with decreases exceeding 20%
in a region centered on the Oklahoma panhandle. Trends are calcu-
lated relative to the 1961-90 average.
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This would tend to increase winter-
time river flows and decrease sum-
mertime flows in the West. Across
the Northwest,and the central and
eastern US,the two model projec-
tions of precipitation change are in
less agreement. These differences
will be resolved only by improve-
ments in climate modeling.

Changes in Soil Moisture

oil moisture is critical for both
agriculture and natural ecosys-

tems. Soil moisture levels are deter-
mined by an intricate interplay
among precipitation, evaporation,
run-off, and soil drainage. By itself, an
increase in precipitation would
increase soil moisture. However,
higher air temperatures will increase
the rate of evaporation and,in some
areas, remove moisture from the soil
faster than it can be added by precipi-
tation. Under these conditions, some
regions are likely to become drier
even though their rainfall increases.

In fact,soil moisture has already
decreased in portions of the Great
Plains and Eastern Seaboard,where
precipitation has increased but air
temperature has risen.

Since soil moisture projections reflect
both changes in precipitation and in
evaporation associated with warm-
ing,the differences between the two
models are accentuated in the soil
moisture projections. For example,in
the Canadian model,soil moisture
decreases of more than 50% are com-
mon in the Central Plains due to the
combination of precipitation reduc-
tions exceeding 20% and temperature
increases exceeding 10ºF. In the
Hadley model,this same region expe-
riences more modest warming of
about 5ºF and precipitation increases
of around 20%, generally resulting in
soil moisture increases.

Increased drought becomes a nation-
al problem in the Canadian model.
Intense drought tendencies occur in

the region east of the Rocky
Mountains and throughout the Mid-
Atlantic-Southeastern states corridor.
Increased tendencies toward drought
are also projected in the Hadley
model for regions immediately east of
the Rockies. California and Arizona,
plus a region from eastern Nebraska
to Virginia's coastal plain, experience
decreases in drought tendency. The
differences in soil moisture and
drought tendencies will be significant
for water supply, agriculture, forests,
and lake levels.

Summer Soil Moisture Change
(Relative to the 1961-90 Average)

Observed 20th Century

Canadian Model 21st Century

Hadley Model 21st Century

Soil moisture has tended to increase in the central US with decreas-
es in some localized areas.  In the Northeast and in the western third of
the country, there has been less change in soil moisture, despite the
increase in precipitation, due to compensating temperature increases.

The Hadley and Canadian models project strong increases in soil mois-
ture in the Southwest.  For the rest of the nation, the Hadley model proj-
ects mostly increases while the Canadian model projects mostly decreas-
es, with large decreases in the Central Plains.  The contrasts between the
two models result from the combination of greater precipitation in the
Hadley model and higher air temperatures in the Canadian model.
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In both the Hadley and Canadian

models, most regions are projected
to see an increase in the frequency

of heavy precipitation events. 

Higher air temperatures will
increase the rate of evaporation

and, in some areas, remove mois-
ture from the soil faster than it can

be added by precipitation.
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ECOSYSTEMS IN THE FUTURE
he natural vegetation covering about 70% of the US land surface is strongly influ-
enced both by the climate and by the atmospheric carbon dioxide (CO2) concen-

tration. To provide a common base of information about potential changes in vegetation
across the nation for use in the regional and sector studies,specialized ecosystem mod-
els were run using the two major climate model scenarios selected for this Assessment.
A summary of the national level results follows. Agricultural and production forestry
systems are the focus of separate sections of this Overview report.

What are Ecosystems?

cosystems are communities of plants,animals,microbes,and the physical environ-
ment in which they exist. They can be characterized by their biological richness,

by the magnitude of flows of energy and materials between their constituent species
and their physical environment,and by the interactions among the biological species
themselves,that is, by which species are predators and prey, which are competitors,and
which are symbiotic.

Ecologists often categorize ecosystems by their dominant vegetation – the decid-
uous broad-leafed forest ecosystems of New England,the short-grass prairie
ecosystems of the Great Plains,the desert ecosystems of the Southwest. The
term "ecosystem" is used not only to describe natural systems (such as coral
reefs,alpine meadows,old growth forests,or riparian habitats),but also for plan-
tation forests and agricultural systems,although these ecosystems obviously dif-
fer in many important ways from the natural ecosystems they have replaced.

Ecosystems Supply Vital Goods and Services

hile we value natural ecosystems in their own right,ecosystems of all
types,from the most natural to the most extensively managed,produce a

variety of goods and services that benefit humans. Some of these enter the mar-
ket and contribute directly to the economy. Thus, forests as sources of timber
and pulpwood,and agro-ecosystems as sources of food are important to us. But
ecosystems also provide a set of un-priced services that are valuable,but that
typically are not traded in the marketplace. There is no current market, for
example, for the services that forests and wetlands provide for improving water
quality, regulating stream flow, and providing some measure of protection from
floods. However, these services are very valuable to society.

Ecosystems are also valued for recreational,aesthetic,and ethical reasons. These
are also difficult to value monetarily, but are nevertheless important. The bird
life of the coastal marshes of the Southeast and the brilliant autumn colors of
the New England forests are treasured components of our regional heritages,
and important elements of our quality of life.
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What to Expect 
with Climate Change

•  Changes in the productivity and
carbon storage capacity of
ecosystems, decreases in some
places and increases in others,
are very likely. 

•  Shifts in the distribution of
major plant and animal species
are likely.

•  Some ecosystems such as
alpine meadows are likely to dis-
appear in some places because
the new local climate will not sup-
port them or there are barriers to
their movement.

•  In many places, it is very likely
that ecosystem services, such as
air and water purification, land -
scape stabilization against ero-
sion, and carbon storage capacity
will be reduced.  These losses will
likely occur in the wake of episod-
ic, large-scale disturbances that
trigger species migrations or local
extinctions.

•  In some places, it is very likely
that ecosystems services will be
enhanced where climate-related
stresses are reduced.



Tropical Rainforest
Temperate Rainforest
Temperate Forest
Taiga
Tundra
Grassland
Desert
Tropical Seasonal Forest

450

400

350

300

250

200

150

100

50

30 25 20 15 10 5 0 -5 -10 -15
Mean Annual Temperature, ˚C

Tropical Subtropical Warm Temperate Cold Temperate Arctic-Alpine

25

The species in some
ecosystems are so

strongly influenced by
the climate to which

they are adapted that
they are vulnerable

even to modest
climate changes.

Climate and Ecosystems

limatic conditions determine where individual species of plants and animals can live,
grow, and reproduce. Thus,the collections of species that we are familiar with – the

southeastern mixed deciduous forest,the desert ecosystems of the arid Southwest,or the
productive grasslands of the Great Plains – are influenced by climate as well as other fac-
tors such as land-use. The species in some ecosystems are so strongly influenced by the
climate to which they are adapted that they are vulnerable even to modest climate
changes. For example,alpine meadows at high elevations in the West exist where they do
entirely because the plants that comprise them are adapted to the cold conditions that-
would be too harsh for other species in the region. The desert vegetation of the
Southwest is adapted to the high summer temperatures and aridity of the region. Forests
in the east are adapted to relatively high rainfall and soil moisture;if drought conditions
were to persist, grasses and shrubs could begin to out-compete tree seedlings,leading to
completely different ecosystems.

There are also many freshwater and marine examples of sensitivities to climate variability
and change. In aquatic ecosystems, for example,many fish can breed only in water that
falls within a narrow range of temperatures. Thus,species of fish that are adapted to cool
waters can quickly become unable to breed successfully if water temperatures rise.
Wetland plant species can adjust to rising sea levels by dispersing to new locations,within
limits. Too rapid sea-level rise can surpass the ability of the plants to disperse,making it
impossible for coastal wetland ecosystems to re-establish themselves.

C

Both temperature and precipitation limit the dis-
tribution of plant communities.  The climate
(temperature and precipitation) zones of some
of the major plant communities (such as tem-
perate forests, grasslands, and deserts) in the
US are shown in this figure.  Note that grass-
lands' zone encloses a wide range of environ-
ments.  This zone can include a mixture of
woody plants with the grasses.  The shrublands
and woodlands of the West are examples of
grass/woody vegetation mixes that occur in the
zone designated as grasslands.

With climate change, the areas occupied by
these zones will shift relative to their current
distribution.  Plant species are expected to shift
with their climate zones.  The new plant com-
munities that result from these shifts are likely
to be different from current plant communities
because individual species will very likely
migrate at different rates and have different
degrees of success in establishing themselves
in new places.

Distribution of Plant Communities
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ECOSYSTEMS IN THE FUTURE

Species in current
ecosystems can differ
substantially in their
tolerances of changes
in temperature and
precipitation, and in
their responses to
changes in CO2; thus,
new climate condi-
tions are very likely to
result in current
ecosystems breaking
apart, and new
assemblages of
species being created.

Effects of Increased CO2 Concentration on Plants

he ecosystem models used in this Assessment consider not only changes in climate,
but also increases in atmospheric CO2. The atmospheric concentration of CO2

affects plant species in ecosystems since it has a direct physiological effect on photosyn-
thesis,the process by which plants use CO2 to create new biological material. Higher
concentrations of CO2 generally enhance plant growth if the plants also have sufficient
water and nutrients,such as nitrogen,to sustain this enhanced growth. For this reason,
the CO2 levels in commercial greenhouses are sometimes boosted in order to stimulate
plant growth. In addition,higher CO2 levels can raise the efficiency with which plants
use water. Different types of plants respond at different rates to increases in atmospheric
CO2, resulting in a divergence of growth rates due to CO2 increase. Some species grow
faster, but provide reduced nutritional value. The effects of increased CO2 level off at
some point;thus,continuing to increase CO2 levels will not result in increased plant
growth indefinitely. There is still much we do not understand about the CO2 “fertiliza-
tion”effect,its limits,and its direct and indirect implications.

Species Responses to Changes in Climate and CO2

he responses of ecosystems to changes in climate and CO2 are made up of the indi-
vidual responses of their constituent species and how they interact with each other.

Species in current ecosystems can dif fer substantially in their tolerances of changes in
temperature and precipitation,and in their responses to changes in CO2; thus,new cli-
mate conditions are very likely to result in current ecosystems breaking apart,and new
assemblages of species being created. Current ecosystem models have great difficulty in
predicting these kinds of biological and ecological responses,thus leading to large uncer-
tainties in projections.

What the Models Project

odeling results to date indicate that natural ecosystems on land are very likely to be
highly sensitive to changes in surface temperature,precipitation patterns,other cli-

mate parameters,and atmospheric CO2 concentrations. Two types of models utilized in
this Assessment to examine the ecological effects of climate change are biogeochemistry
models and biogeography models. Biogeochemistry models simulate changes in basic
ecosystem processes such as the cycling of carbon, nutrients,and water (ecosystem func-
tion). Biogeography models simulate shifts in the geographic distribution of major plant
species and communities (ecosystem structure).

T
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The biogeochemistry models used in
this analysis generally simulate increas-
es in the amount of carbon in vegeta-
tion and soils over the next 30 years
for the continental US as a whole.
These probable increases are small –
in the range of 10% or less,and are
not uniform across the country. In
fact, for some regions the models sim-
ulate carbon losses over the next 30
years. One of the biogeochemistry
models,when operating with the
Canadian climate scenario,simulates
that by about 2030,parts of the
Southeast will likely lose up to 20% of
the carbon from their forests. A car-
bon loss by a forest is treated as an
indication that it is in decline. The
same biogeochemistry model,when
operating with the Hadley climate sce-
nario,simulates that forests in the
same part of the Southeast will likely
gain between 5 and 10% in carbon in
trees over the next 30 years.

Why do the two climate scenarios
result in opposite ecosystem respons-
es in the Southeast?  The Canadian cli-
mate scenario shows the Southeast as
a hotter and drier place in the early
decades of the 21st century than does
the Hadley scenario. With the
Canadian scenario, forests will be
under stress due to insufficient mois-
ture,which causes them to lose more
carbon in respiration than they gain in
photosynthesis. In contrast,the
Hadley scenario simulates relatively
plentiful soil moisture, robust tree
growth,and forests that accumulate
carbon.
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Changes in Vegetation Carbon 

Hadley Model 2030s

Canadian Model 2030s

The maps above show projections of relative changes in vegetation carbon between 1990 and
the 2030s for two climate scenarios.  Under the Canadian model scenario, vegetation carbon
losses of up to 20% are projected in some forested areas of the Southeast in response to
warming and drying of the region by the 2030s. A carbon loss by forests is treated as an indi-
cation that they are in decline.  Under the same scenario, vegetation carbon increases of up to
20% are projected in the forested areas in the West that receive substantial increases in pre-
cipitation. Output from TEM (Terrestrial Ecosystem Model) as part of the VEMAP II (Vegetation
Ecosystem Modeling and Analysis Project) study.  

>10% decrease

up to 10% decrease

no change

up to 10% increase

>10% increase
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ECOSYSTEMS IN THE FUTURE

Ecosystem Models
Current Ecosystems

Maps of current and projected
potential vegetation distribution
for the conterminous US.
Potential vegetation means the
vegetation that would be there in
the absence of human activity.
Changes in vegetation distribu-
tion by the end of the 21st centu-
ry are in response to two climate
scenarios,  the Canadian and the
Hadley.  Output is from MAPSS
(Mapped Atmosphere-Plant-Soil
System).

Tundra
Taiga / Tundra
Conifer Forest
Northeast Mixed Forest
Temperate Deciduous Forest
Southeast Mixed Forest
Tropical Broadleaf Forest
Savanna / Woodland
Shrub / Woodland
Grassland
Arid Lands

rolonged stress due to insufficient soil moisture can make trees more susceptible to
insect attack,lead to plant death,and increase the probability of fire as dead plant

material adds to an ecosystem's "fuel load."  The biogeography models used in this analysis
simulate at least part of this sequence of climate-triggered events in ecosystems as a prel-
ude to shifts in the geographic distribution of major plant species. One of the biogeogra-
phy models,when operating with the Canadian climate scenario,simulates that towards
the end of the 21st century, a hot dry climate in the Southeast will result in the replace-
ment of the current mixed evergreen and deciduous forests by savanna/woodlands and
grasslands,with much of the change involving fire. This change in habitat type in the
Southeast would imply that the animal populations of the region would also change,
although the biogeography models are not designed to simulate these changes. The same
biogeography model,when operating with the Hadley scenario,simulates a slight north-
ward expansion of the mixed evergreen and deciduous forests of the Southeast with no
significant contraction along the southern boundary. Other biogeography models show
similar results.

Major Uncertainties

ajor uncertainties exist in the biogeochemistry and biogeography models. For
example,ecologists are uncertain about how increases in atmospheric CO2 affect

the carbon and water cycles in ecosystems. What they assume about these CO2 effects
can significantly influence model simulation results. One of these models was used to
show the importance of testing these assumptions.Consideration of climate change alone

M

PWill disturbances caused
by climate change be
regular and small or will
they be episodic and
large?  The latter cate-
gory of disturbances is
likely to have a negative
impact on ecosystem
services; the ability of
ecosystems to cleanse
the air and water, stabi-
lize landscapes against
erosion, and store car-
bon, for example, are
very likely to be dimin-
ished.
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Canadian Model 

Hadley Model 

Tundra
Taiga / Tundra
Conifer Forest
Northeast Mixed Forest
Temperate Deciduous Forest
Southeast Mixed Forest
Tropical Broadleaf Forest
Savanna / Woodland
Shrub / Woodland
Grassland
Arid Lands

A substantial portion of the
Southeast’s mixed forest is
replaced by a combination of
savanna and grassland in
response to fire caused by warm-
ing and drying of the region as
projected by the Canadian
model. The Hadley climate pro-
jection leads to a simulated
northward expansion of the
mixed forest. 

These particular model runs
show the response of vegetation
to atmospheric concentrations of
CO2 that have stabilized at about
700 parts per million, approxi-
mately twice the present level.

In the Southwest, large areas of
arid lands are replaced with
grassland or shrub/woodland in
response to increases in precipi -
tation projected by both models.

results in a 10% decrease in plant productivity. Consideration of both climate
and CO2 effects results in an increase in plant productivity of 10%.This illus-
trates the importance of resolving uncertainties about the effects of CO2 on
ecosystems.

With respect to biogeography models,scientists are uncertain about the fre-
quency and size of disturbances produced by factors such as fire and pests that
initiate changes in the distribution of major plant and animal species. Will dis-
turbances caused by climate change be regular and small or will they be
episodic and large?  The latter category of disturbances is likely to have a nega-
tive impact on ecosystems services; the ability of ecosystems to cleanse the air
and water, stabilize landscapes against erosion,and store carbon, for example,
are very likely to be diminished.

Ecologists are uncertain
about how increases in
atmospheric CO2 affect

the carbon and water
cycles in ecosystems.

What they assume about
these CO2 effects can
significantly influence

model simulation results.
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DATE:  JANUARY 11, 2007 

 

TO:   SALTON SEA AUTHORITY (RICK DANIELS) 

 

FROM:  DEL RIO ADVISORS, LLC (KENNETH L. DIEKER) 

 

RE:   LOCAL FUNDING ALTERNATIVES 

SALTON SEA RESTORATION PLAN 

 
The purpose of this memo is to lay out, in one document, the potential local funding 
alternatives that are available to the Salton Sea Authority for use in the restoration of the 
Salton Sea.  Few, if any, of these alternatives are available to any other plan as presented 
to the State of California Department of Water Resources “DWR”.  This memo is to be 
inserted into the Salton Sea Authority plan pursuant to the public comment period that 
ends January 16th, 2007. 
 

SALTON SEA AUTHORITY 

 
The Salton Sea Authority (the “Authority”) is a joint powers authority whose member 
agencies are the County of Riverside, the County of Imperial, Imperial Irrigation District, 
Coachella Valley Water District, and the Torres Martinez Tribal Nation (“Member 
Agencies”).  The purpose of the Authority is to implement projects for the restoration and 
revitalization of the Salton Sea and its environs in accordance with federal and state laws.  
The Authority has generated a great deal of member, local agency and general 

public support for its plan to restore the Salton Sea.  To further the purposes of the 
Authority, local funding sources can provide for the ongoing operation and maintenance 
costs of certain specific project facilities that the Authority contemplates constructing.  
Summarized below are a few of the funding alternatives available to the Authority. 
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INFRASTRUCTURE FINANCING DISTRICT “IFD” (1) 
 
SCOPE OF AUTHORIZING LEGISLATION 

We have reviewed the special legislation that authorizes the Salton Sea Authority to form 
an infrastructure financing district for the restoration of the Salton Sea (Government 
Code § 53395.9).  The section authorizes an IFD “for the purpose of funding the 
construction of, and purchasing electrical power for, projects for the reclamation and 
environmental restoration of the Salton Sea”.  The grant of authority is broad enough to 
encompass the construction of currently envisioned structures for the reclamation of the 
Salton Sea.   

The only limitation on that power is that “no public funds accruing to the Salton Sea 
Authority pursuant to this section shall be utilized for purposes of treating or making 
potable, agricultural tail waters flowing into the Salton Sea”.  This exclusion was added, 
we believe, to forestall a perceived intent by commercial water treatment operators to 
treat and sell agricultural tail waters.  It is doubtful that the exclusion would be read 
broad enough to preclude use of IFD funds for the construction of wetlands or other 
passive structures designed in part to improve water quality flowing into the Salton Sea. 

(SEE “NEW LEGISLATION”) 

STEPS TO FORM AN INFRASTRUCTURE FINANCING DISTRICT 

We have outlined below the required steps for the formation of an Infrastructure 
Financing District.  The process will require a significant amount of time and effort.  The 
Authority is in constant ongoing discussions with the Member Agencies and each Agency 
has adopted the Authority Plan individually and in cooperation as Member Agencies. 

The formal steps necessary for formation of an infrastructure financing district are:   

1. Adoption of a resolution of intention to establish the proposed district, describing the 
boundaries of the proposed district, the type of public facilities proposed to be 
financed; and fixing a time and place for a public hearing on the proposal 
(Government Code §53396.10). 

2. A resolution of intention is mailed to each owner of land within the district 
(Government Code §53395.11). 

3. Designate and direct the Authority engineer to prepare an infrastructure plan 
(Government Code §53395.13) that will include the following: 

a) Shall be consistent with the general plan of the underlying land use jurisdictions; 

b) A map and legal description; 

c) Description of public facilities, including proposed location, timing and cost; 
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d) A finding that the public facilities are of community wide significance and provide 
significant benefits to an area larger than the area of the district; 

e) A financing section, including specification of the maximum portion of 
incremental tax revenue of affected taxing entities; and projection of the amount of 
tax revenues expected to be received; 

f) A plan for financing the public facilities, including a detailed description of any 
intention to incur debt; 

g) A limit on the total number of dollars of taxes which may be allocated to the 
district and a date on which the district will cease to exist; 

i) An analysis of the cost to the Authority of providing facilities and services to the 
area of the district while the area is being developed, and after the area is developed, 
including analysis of the tax, fees, charges and other revenues expected to be received 
as a result of the expected development; 

j) Analysis of the projected fiscal impact on the district and the associated 
development upon each affected tax entity; 

k) A replacement plan for any units of low mod housing that will be removed or 
destroyed. 

4.  The Financing Plan shall be sent to landowners and taxing entities (Government Code 
§ 53395.15); 

5. The Authority’s designated official shall consult with each affected taxing entity 
regarding revisions to the plan (Government Code §53395.16); 

6. The Authority shall conduct a public hearing (Government Code §53395.17); 

7. The Authority shall proceed to hear and pass upon all written and oral objections and 
may modify the plan (Government Code §53395.18); 

8. If each affected taxing entity has adopted a resolution approving the plan, the 
Authority may adopt the plan (Government Code §53395.19); 

9. At the conclusion of the hearing, the Authority may adopt a resolution proposing 
adoption of the infrastructure financing plan and then submit the proposal to qualified 
electors of the proposed district in the next general election or in a special election to 
be held.  If at least twelve persons have registered to vote, the vote shall be by 
registered voters of the proposed district.  Ballots for the special election may be 
distributed by mail (Government Code §53395.20); and 

10. The Authority may adopt the infrastructure financing plan and create the district if 
2/3rds of the votes are cast in favor (Government Code §53395.23). 
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COMMUNITY FACILITIES DISTRICTS “CFD” (2)  
 
Under the Mello-Roos Community Facilities District Act of 1982 being Government 
Code Section 53311 et seq., (the “Mello-Roos Act”), a local agency may levy a special 
tax to finance certain services and facilities in accordance with the requirements set forth 
in the Mello-Roos Act.  A joint powers authority is considered a “local agency” under the 
Mello-Roos Act and has all of the authority to accomplish the purposes of the Mello-
Roos Act.  Government Code §53317.   

 
Operation and maintenance services permitted to be financed under the Mello-Roos Act 
are limited to: (i) maintenance of parks, parkways, and open space; (2) maintenance and 
operation of flood and storm protection services; (3) maintenance of school facilities; and 
(4) operation and maintenance of museums and cultural facilities.  Government Code 
§53313.  While the Project contains areas and facilities that could be classified as parks, 
parkways, open space and flood and storm protection facilities, it also contains facilities 
and areas that are not classified within those categories.  Thus, under current law, the full 
scope of operation and maintenance costs which the Authority would like to finance 
could not be funded through a community facilities district without special legislation.   
 
(SEE “NEW LEGISLATION”) 

Pursuant to the Mello-Roos Act, the boundaries of the community facilities district can 
encompass any and all parcels located within the jurisdiction of the Authority.  Included 
parcels are designated by the local agency and need not be contiguous.  Special taxes are 
levied according to a rate and method of apportionment (basically, a formula created to 
spread the tax fairly among the parcels).  The rate and method of apportionment of the 
special tax may exempt properties such as those owned by public agencies and Indian 
tribes.  No special benefit finding is needed for a particular parcel to be taxed. 

 
Special taxes to be levied in community facilities districts require approval by a 2/3’s 
majority of the qualified electors, which in the case of the Authority would be registered 
voters. 
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ASSESSMENT DISTRICTS (2) 
   
1. Landscaping and Lighting Districts 

 
The Landscaping and Lighting Act of 1972 (the “LLPD Act”), Streets & Highways Code 
§22500 et seq., permits public agencies to levy assessments for the purpose of 
maintaining and operating any improvement permitted under the LLPD Act.  A public 
agency is defined as a city, city and county, county or public corporation formed pursuant 
to a special act for the performance of governmental functions within limited boundaries.  
Streets & Highways Code §22533.  Pursuant to laws governing joint powers authorities, a 
joint powers authority is a public entity but not a public corporation.  Government Code 
§6507.  As such, the Authority would not be able to levy the assessment.  The County of 
Imperial and the County of Riverside (collectively, the “Member Counties”), Member 
Agencies of the Authority, could each levy the assessment within its jurisdiction and then 
transfer the funds to the Authority to finance the ongoing operation and maintenance of 
the Project.   
 
Operation and maintenance costs allowed to be financed by the LLPD Act include costs 
allocable to improvements for, among other things, public lighting facilities, landscaping, 
ornamental facilities, park or recreational facilities.  Streets & Highways Code §22525.  
While certain improvements in the Project which need to be financed could be classified 
into the categories described above, there are improvements, such as the desalinization 
plant, which would not fit in those categories.   

 
2. Maintenance Districts 

 
Pursuant to Government Code Section 5820 et seq., any City or County may levy 
assessments to finance the operation and maintenance of improvements. Similar to the 
LLPD, the maintenance district law does not permit the Authority to levy assessments.  
Only Cities and Counties are permitted to levy assessments under this law, thus each 
Member County would need to levy the assessment within its jurisdiction and then 
transfer the funds to the Authority to finance the operation and maintenance costs of the 
Project.  As there is no limiting definition for the term “improvements,” this law provides 
broad authority for a City or County to operate and maintain any improvements located 
within its jurisdiction. 
 

CFD AND ASSESSMENT DISTRICT CONCLUSION 
 
It should be noted that while many of the costs of the operation and maintenance of the 
Project cannot be directly funded through the use of the CFD or Assessment District 
mechanisms, we want to point out that these dollars will be used to fund public 
infrastructure for any new planned development and to some extent the ongoing costs of 
certain public benefits such as schools, police and fire protection.  In addition, should the 
Authority seek special legislative action to amend the “Mello-Roos Act”, the dollars 
could be used for the direct ongoing operation and maintenance costs of the Project. 
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NEW LEGISLATION 

 
Infrastructure Financing District 

 
It is the intent of the Authority to seek special legislation to allow for the funding of 
operation and maintenance of any facilities contemplated above through the use of tax 
increment generated as part of the IFD.  There are some bond counsel firms that feel as if 
the public agency can form a project area as part of an IFD and collect tax increment 
thereto but, to the best of our knowledge, no one has yet to issue bonds using that revenue 
as the source of repayment.  We intend to seek, as part of our legislative package, 
clarifying legislation that specifically allows for the issuance of bonds as part of the 
Salton Sea Authority IFD. 
 
Community Facilities District (“Mello-Roos Act”) 

 
The Mello-Roos Act is another practical funding vehicle as it currently could allow the 
Authority to fully fund some of the operation and maintenance of the Project on its own, 
without the Member Counties as intermediaries.  The Mello-Roos Act could be amended 
to include operation and maintenance costs for all of the Authority’s improvements.  The 
Authority intends to seek special legislative authority under the Mello-Roos Act to fund 
the operation and maintenance costs of all of its projects by merely adding a section, 
limited to the Authority, which expands the permissible items for which special taxes 
may be used to fund operation and maintenance. 
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OTHER LOCAL FUNDING SOURCES 
 
The following other local funding sources will require participation by one or more of the 
Authority member agencies: 
 
Transient Occupancy Tax “TOT” 

 

This is generally a tax charged by a local agency to hotel operators / owners for overnight 
stays within the agency boundaries.  This tax is justified since it can be argued that the 
transient is using the local public facilities and these dollars will be used to help the 
ongoing maintenance of the local roads, etc.  The Salton Sea is in close proximity to the 
resort areas of the Coachella Valley.  It is anticipated that any new recreational activities 
will bring with it new hotel and resort developments.  It would be the desire of the 
Authority to collect some TOT for the ongoing maintenance of the Project.  Any such 
agreement would require a tax sharing agreement with either or both member counties 
(Riverside and Imperial). 
 

Sales Tax 

 
While a City or County has jurisdiction to place a sales tax initiative on the ballot.  The 
Authority does not have such direct ability.  However, the Authority will pursue 
legislative action to allow for the creation of a sales tax district that would allow it to 
capture all or a negotiated portion of the sales taxes generated through the sale of goods 
and services within the District Boundaries.  The Authority would once again need a tax 
sharing arrangement with either or both member counties to allow some of these sales tax 
dollars to remain with the Project. 
 

Community Services District 

 
The Authority is a joint powers agency but could promote the formation of a Community 
Services District “CSD”.  This CSD would be used to provide services to local residents.  
The fees and charges for services could include a myriad of items such as water treatment 
rates, sewer treatment rates, impact fees etc.  A portion of these fees and charges could be 
used for the operation and maintenance costs of the Project.  A tax sharing arrangement 
would need to be worked out with the newly formed CSD to flow some or all of this 
money to the project. 
 
Tribal Gaming Revenues 

 
While we understand that any gaming revenues are the jurisdiction of the Bureau of 
Indian Affairs and the State of California, it would be the desire of the Authority to seek 
participation by the local tribes.  They will directly benefit from any recreational or 
gaming activities and we would hope to garner cooperation with many of the tribes that 
have lands adjacent to the Sea. 
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Government Grants and Loans 

 
The Authority is seeking grants and loans from the Federal Government and the State of 
California.  It is anticipated that most of this money would be used for direct project 
costs.  We are looking more to the local funding sources for the annual operation and 
maintenance costs of our Project.  However, some additional government money may be 
available to offset some of these costs. 
 
Research Institutes 

 
It has been suggested that the Authority try to attract various research institutes.  A 
restored Salton Sea could offer a vast array of research possibilities and would allow the 
Authority to gain some potential grants and loans associated with such research.  We 
could also generate some direct research fees such as licensing fees from these various 
institutes.  No partners have been identified to date but some parties have expressed an 
interest in this type of program. 
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RECREATIONAL FEES 
 
It has also been suggested that the Authority pursue some locally generated fees directly 
tied to the recreational activities that come from a restored Salton Sea. 
 
Boating Tag 

 

The Authority could charge for an annual boating tag fee that could go to offset some 
ongoing operation and maintenance of the Project. 
 
State Park Fees 

 
This would require negotiation with the State of California.  It has been suggested that the 
State of California would charge a park fee much like it does for the various other state 
parks.  A surcharge could be added to the fee allowing for the Authority to generate some 
additional funds for operation and maintenance of the Project. 
 
Four-Wheel Drive and Recreational Vehicle Fees 

 
It has come to our attention that several 4WD groups have annual events at the Salton Sea 
with participation in the thousands.  This untapped wilderness is ideal for such outings 
and could be combined with a state park fee or other license fees.  In addition, it has 
come to our attention that many recreational vehicle folks actually store their vehicles in 
the Coachella and Imperial Valleys where they can fly in and then bring their vehicle to 
the Sea for recreational activities. 
 
Airport 

 
The City of Salton City has a small unimproved private airport.  The Authority could 
approach the Aircraft Owners and Pilots Association “AOPA” to help lobby in seeking 
funding to build a regional or local public airport to attract private pilots from around the 
country to participate in the various recreational activities.  In addition, the Salton Sea is 
directly adjacent, on the South side, to the Jacqueline Cochran Regional Airport 
commonly known as KTRM.  This airport has two runways with one exceeding 8,500 ft.  
This fully improved airport that already has several Fixed Based Operators (FBOs) could 
eventually be established as a regional air transportation facility serving the Salton Sea 
recreational area. 
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THE POWER OF LOCAL FUNDING SOURCES (EXAMPLES) 

 
It has been estimated that a restored Salton Sea could promote the development of 
100,000 to 250,000 residential units in the vicinity.  This memo does not purport to do 
any projection of new development but rather demonstrates the potential dollar impacts 
of local funding mechanisms, particularly the Infrastructure Financing District and 
Community Facilities District related to such development.  The tables below, and the 
attached schedules in Appendix A-1, A-2 and Appendix B-1, B-2, demonstrate the 
enormous capacity from local funding sources that the Authority can bring to the table to 
potentially offset the ongoing operation and maintenance. 
 
The table below illustrates the potential revenue for operations and maintenance 
generated by adding 2,000 new single-family residential units each year over the 50-year 
life of the IFD (Total Homes = 100,000).  (See Appendix A-1 and A-2) 
 
The table also illustrates how the addition of the same 2,000 units of single-family 
residential development can fund operations and maintenance through the use of the CFD 
mechanism.  (See Appendix B-1 and B-2) 
 

Funding Source Annual Revenue Total Revenue 

IFD (1) $5.3MM - $444.0MM $9.52BB  

IFD (2) $10.6MM - $888.0MM $19.05BB 

CFD (1) $3.4MM – $287.2MM $6.15BB 

CFD (2) $6.8MM - $574.4MM $12.3BB 

 
Notes 

(1) Assumes 2,000 Units Added/Year for 50 Years (Total = 100,000 Units) 

(2) Assumes 4,000 Units Added/Year for 50 Years (Total = 200,000 Units) Net of In-Tract 

 
Some CFD capacity (we assumed ½ already netted from the above numbers) would be 
used for in-tract improvements (sewers, sidewalks, schools, fire / police protection, etc.) 
through the issuance of bonds.   
 
The table below shows the potential bonding capacity and net project proceeds available 
through the two mechanisms should the Authority choose to issue bonds for project 
construction or expansion instead of operation and maintenance: 
 

Financing Source Bond Amount Net Proceeds (3) 

IFD (1) $3,961,484,091 $3,486,106,000 

IFD (2) $7.922,968,182 $6,972,212,000 

CFD (1) $2,550,777,443 $2,244,684,150 

CFD (2) $5,101,554,887 $4,489,368,300 

 
Notes 

(1) Assumes 2,000 Units Added/Year for 50 Years (Total = 100,000 Units) 

(2) Assumes 4,000 Units Added/Year for 50 Years (Total = 200,000 Units) Net of In-Tract 

(3) Represents the Net Amount of Bond Proceeds after Funding Reserve Funds and Paying the Costs of the Financing 
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This memo describes the benefit of economic development to the Project.  The numbers 
become very significant very fast.  The problem faced by the Authority is that, much like 
the line from the movie Field of Dreams “if you build it they will come”, we need help 
from Federal and State sources or some combination thereof to help finance the upfront 
costs of the Project.  However, we feel confident that, through the use of the local 
funding sources, the Authority and the member agencies can offset the annual operation 
and maintenance costs of the Project. 

 

CONCLUSIONS 
 
The Authority has generated a great deal of member, local agency and general 

public support for our plan to restore the Salton Sea.  While many of the other 
alternatives may cost less, they have environmental impacts that could be potentially 
negative by their very nature.  Our plan can be environmentally positive and provide not 
only wildlife habitat but a myriad of recreational opportunities.  In addition, it does not 
appear that any of the other plans have a local funding component.  While none of the 
proposed local options can pay for the entire cost of any Project they can pay for most or 
all of the operation and maintenance of the contemplated facilities.   
 
While many of the other local and state fee alternatives would help to offset some of the 
annual operation and maintenance costs of the Project, the IFD mechanism offers the 
most promise and most available direct money for ongoing operation and maintenance 
dollars.  Secondarily, the CFD mechanism may provide for a certain amount of backup 
funding either for ongoing operation and maintenance dollars or in-tract infrastructure.  
In addition the Authority, in cooperation with the Member Agencies, will work together 
to utilize any of the other funding alternatives that the Authority cannot do independently. 
 
Any special legislation will incorporate provisions that will allow the Authority to benefit 
directly from the IFD and CFD funding mechanisms.  In addition, through the help and 
cooperation of our local Member Agencies, we will use all other local funding 
alternatives available to the Authority and Member Agencies to further our goal of 
restoration of the Salton Sea.  This includes revitalization of wildlife habitat, heading off 
an environmental disaster while enhancing the recreational opportunities to Californians. 
 
Sources 
(1) Portions Excerpted from Memo Dated April 7th 2004 by Best Best &Krieger LLP 
(2) Portions Excerpted from Memo Dated September 19th 2005 by Best Best &Krieger LLP 



 

 
 
 
 

ATTACHMENT 3 
Large Attachments to Salton Sea Authority Comment Letter 



K2 EconomicsK2 Economics  
 

DR. KURT A. SCHWABE, PH.D. 
PARTNER, K2 ECONOMICS 

ASSOCIATE PROFESSOR, DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 
UNIVERSITY OF CALIFORNIA 

RIVERSIDE, CA 
(951) 892-5091 

DR. KENNETH A. BAERENKLAU, PH.D. 
PARTNER, K2 ECONOMICS 

ASSISTANT PROFESSOR, DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 
UNIVERSITY OF CALIFORNIA 

RIVERSIDE, CA 
(951) 334-1785 

 
 

 
 

A Preliminary Investigation of the Potential  
Non-Market Benefits Provided by the Salton Sea 

 
 

Final Report 
 

prepared for 
 

Mr. Rick Daniels 
Director, Salton Sea Authority 

 
January 10, 2007 

 



K2 Economics – Salton Sea Non-Market Benefits – Final Report 

 i

Executive Summary 
 
Environmental and natural resources are assets that provide returns to society now and in the 
future.  Therefore decisions regarding the restoration or preservation of such resources should 
consider not only the costs of preservation but the benefits, as well.  Consideration of the benefits 
of preservation is exceedingly important when the resource in question is unique and when 
decisions pertaining to the provision of such services can have irreversible consequences.  The 
Salton Sea is one such resource that provides a set of unique natural resource services, including 
critical habitat to over 400 species of migratory and resident birds, approximately fifty of which 
have garnered special status as threatened, endangered, or species of concern.  As emphasized in 
Shuford et al. (2002; p. 255), the Sea is a “vital migratory stopover and wintering habitat for 
species that breed elsewhere in Western North America,” and the health of many of the 
populations that reside, roost, feed, or nest are dependent on the health of the Salton Sea.  As 
succinctly put by Cohen and Hyun (2006), “The Salton Sea provides critically important habitat 
to a diversity and abundance of birds.”  Furthermore, the California State Resources Agency 
(2006; Chapter 1) citing Cooper (2004) suggests that the Salton Sea has “become an 
internationally significant stopover site for hundreds of thousands of transients moving north and 
south along the ‘Pacific Flyway’, and east into the Great Basin/Prairie Pothole region as well as 
the winter home for hundreds of thousands of individuals of numerous species from around 
North America.”   
 
With rising salinity levels and increasing pollutant loads, the ability of the Sea to continue to 
serve as a vibrant ecosystem providing habitat for the avian populations currently using it and the 
fish species that have traditionally relied on it is unlikely.  Furthermore, under the Quantification 
Settlement Agreement (QSA) signed in 2003 that transfers water from agricultural users to urban 
users, the outlook is even bleaker because salinity levels will increase more rapidly than 
currently observed and the loss of inflow volume will lead to less shoreline and quality habitat.  
The outcome of this trend in habitat degradation and loss could be significant, both for the Salton 
Sea in its ability to serve its historic function as a habitat for both birds and fish, and for the 
existence and health of particular bird and fish populations themselves. 
 
While discussions associated with restoring and preserving the Salton Sea have traditionally 
focused on the costs of various options, very little formal discussion has addressed the potential 
returns of such an investment.  Consideration of the benefits of preservation or restoration has 
precedence at both federal and state levels.  At the federal level, agencies have been mandated 
under executive orders (e.g., EO 12866 under President Clinton) to choose those alternatives that 
maximize net benefits (i.e., the difference between total benefits and total costs).  At the state 
level, the State of California, under the California Environmental Quality Act (CEQA), may take 
into account the economic and social effects associated with any project to assist in determining 
the significance of the physical changes associated with a particular project (CEQA Guidelines, 
section 15131(b)).  And it should be emphasized that even when much of the preservation 
benefits consists of non-market value, many state and federal agencies have not only 
acknowledged such benefits, but also quantified them for guidance in their resource allocation 
decisions.  Examples of such agencies include: the U.S. Department of Interior under the 
Comprehensive Environmental Response, Compensation, and Liability Act (1980), the National 
Oceanic and Atmospheric Administration under the Oil Pollution Act (1990), the U.S. Army 
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Corps of Engineers, the U.S. Bureau of Reclamation, the U.S. Water Resources Council, and 
state fish and game agencies in Oregon, Nevada, California, Idaho, and Maine.  Examples of 
applications include: Glen Canyon Dam, Hell’s Canyon, Mono Lake in California, the spotted 
owl in the Pacific Northwest, and Kootenai Falls in Montana.   
 
The purpose of this report is to provide some preliminary estimates that are suggestive of the 
potential value associated with preserving the Salton Sea.  Indeed, as an advisory arm of the 
federal government, the National Resource Council (2004; Executive Summary) argued recently 
that “assigning a dollar figure” to non-market ecosystem services “…are a must to accurately 
weight the trade-offs among environmental policy options.”  Failure to include a measure of the 
value of ecosystem services in benefit-cost calculations will implicitly assign them a value of 
zero, which we know is incorrect as evidenced by the body of literature that has estimated the 
monetary value of similar services.1  This literature is quite extensive and includes values 
derived for all manner of ecosystems, including tropical rainforests, wetlands, deserts, and a 
variety of marine environments.   
 
Although time constraints do not permit a primary valuation study or a formal statistical analysis 
of previous research at this time, this report does provide an estimated range of annual benefits 
from the Sea using the “value transfer” method.  This method involves deriving updated 
estimates of habitat or species preservation values from previous research that has performed a 
primary valuation study or meta-analysis, and then transferring these values to the Salton Sea.  
To derive these updated estimates, we undertook a thorough search of the environmental and 
natural resource economics literature on ecosystem service valuation, focusing on the services 
provided by the Sea that tend to benefit geographically dispersed populations rather than just the 
local population.  Our search included the EconLit database, the Environmental Valuation 
Reference Inventory (EVRI; the largest database on valuation studies), Google Scholar, and our 
own private collections of literature on natural resource valuation.  Our initial searching and 
screening of these sources and topics produced around 70 studies.  Subsequent screenings 
narrowed the list to 23 studies of which 20 included at least one value with potential relevance 
for the Salton Sea.   
 
Of these 23 studies, we determined that those addressing wetlands and wildlife in the San 
Joaquin Valley (SJV) and those addressing the Mono Lake ecosystem are most relevant and 
provide the most useful benefits estimates for the Salton Sea.  Keeping in mind the uniqueness of 
the Salton Sea—which we believe tends to increase its value while also making it difficult to 
transfer benefits estimates from previous research—and the caveats we provide throughout this 
report, we believe that a conservative order-of-magnitude estimate of the non-market benefits 
provided to the residents of California by a restored and preserved Salton Sea would be in the 
range of $1-$5 billion annually.  This estimated range includes both use and non-use value, but 
probably mostly non-use value.   
 
Some additional considerations are worth mentioning when interpreting this estimated range of 
preservation benefits.  First, assuming the transferability of the SJV and Mono Lake estimates is 
high (something we cannot determine with certainty without conducting a primary valuation 
                                                 
1 Wilson and Carpenter (1999), for example, provide a summary of the economic value of freshwater ecosystem 

services in the U.S., noting 30 refereed published articles in the scientific literature from 1971 to 1997. 
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study of the Salton Sea), we are inclined to believe that these value transfers probably 
underestimate the total non-market value of the Sea.  We believe the SJV estimates are low 
primarily because they value only wetland habitat.  The other attributes of the Sea clearly have 
positive values that are not included in this estimate.  We believe the Mono Lake estimate is low 
primarily because the Sea is significantly larger than Mono Lake and, in our judgment, it is a 
more important component of the Pacific Flyway.  Furthermore, we believe the higher Mono 
Lake estimates by Loomis (1987, 1989) may be provide better comparison values for the Sea 
because they are based on a relatively worse no-action scenario.  Compared to the no-action 
scenario considered in the Mono Lake EIR (JSA 1993), we think the no-action scenario 
considered by Loomis is more similar to that for the Salton Sea.   
 
Finally, we emphasize that these estimates are suggestive.  The characteristics of the resources 
on which our estimates are based, as well as peoples perceptions/values of those characteristics, 
likely differ from the services provided by the Salton Sea and how these services are 
perceived/valued.  This is what Freeman refers to as differences in “supply side” and “demand 
side” factors (Freeman 2003; p. 454).  Yet based on the results of Loomis (2000) who evaluated 
six different resource preservation programs, residents within the states where these sorts of 
unique and threatened resources are located only hold a fraction (approximately 13%) of their 
national value.  Furthermore, as estimated in Loomis and White (1996) through their meta-
analysis of valuation studies for rare, threatened, and endangered species, the authors find that 
even for the most costly endangered species preservation efforts, the benefits are likely to exceed 
the costs.  Hence, while our estimates are suggestive, there are many reasons to believe that these 
estimates are good first round approximations, and most likely conservative approximations at 
that, of the value with preserving the Salton Sea. 
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I. Introduction 
 
Environmental and natural resources are assets that provide returns to society now and in the 
future.  As such, decisions as to the restoration or preservation of such resources should consider 
not only the costs of such preservation, but the returns associated with preservation.  
Consideration of the benefits of preservation is exceedingly important when the resource in 
question is unique, and when such decisions can have irreversible consequences pertaining to the 
provision of such services.  The Salton Sea provides a set of unique environmental and natural 
resource services, such as critical habitat for both the endangered desert pupfish and over 400 
species of migratory and resident birds, approximately fifty of which have garnered special status 
as threatened, endangered, or species of concern.  While discussions associated with restoring 
and preserving the Salton Sea have traditionally centered around the costs of various options, 
very little discussion, at least formally, has involved the potential returns of such an investment.  
California State Senator Denise Ducheny inferred as much when she emphasized that the merits 
of any particular restoration strategy should not be based on initial cost estimates alone.2 
 
To date, there has been no formal quantification of the existence and preservation benefits 
associated with the Salton Sea.  Indeed, as an advisory arm of the federal government, the 
National Resource Council (2004; Executive Summary) argued recently that “assigning a dollar 
figure” to non-market ecosystem services “…are a must to accurately weight the trade-offs 
among environmental policy options.”  Failure to include some measure of the value of 
ecosystem services in benefit-cost calculations will implicitly assign them a value of zero, which 
we know is incorrect and unnecessary since plenty of analyses exist that have estimated the 
monetary value of similar services.3  This literature is quite extensive and includes values 
derived for all manner of ecosystems, including tropical rainforests, wetlands, deserts, and a 
variety of marine environments.  In light of this information and methods, the National Resource 
Council (2004) made the following recommendations: 
 

• Policymakers should use economic valuation as a means of evaluating the trade-offs 
involved in environmental policy choices; that is, an assessment of benefits and costs 
should be part of the information set available to policymakers in choosing among 
alternatives. 

• If the benefits and costs of a policy are evaluated, the benefits and costs associated with 
changes in ecosystem services should be included along with other impacts to ensure that 
ecosystem effects are adequately considered in policy evaluation. 

• Economic valuation of changes in ecosystem services should be based on the 
comprehensive definition embodied in the total economic value (TEV) framework; 
hence, both use and non-use values should be included (Arrow et al. 1993).4 

 

                                                 
2 Remarks by State Senator Ducheny at “The Salton Sea Centennial Symposium”, San Diego, Ca., April 1, 2005 
3 Wilson and Carpenter (1999), for example, provide a summary of the economic value of freshwater ecosystem 

services in the U.S., noting 30 refereed published articles in the scientific literature from 1971 to 1997. 
4 Use values are those values society places on the tangible uses of goods and services whereas non-use values are 

those values society places on intangible uses.  Complete definitions and examples are given in section II. 
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With these recommendations in mind, the intention of this report is to provide some preliminary 
estimates that are suggestive of the value associated with preserving the Salton Sea.  Our 
approach involves developing updated estimates of habitat or species preservation values from 
research that has performed a primary valuation study or meta-analysis.  This simple benefits 
transfer approach is outlined in Freeman (2003) and Rosenberger and Loomis (2003).  To 
develop these estimates, which we assume can be suggestive of potential value associated with 
characteristics of the eight Salton Sea Restoration alternatives versus the no-action alternatives as 
outlined under the Salton Sea Ecosystem Restoration Draft PEIR, we undertook a thorough 
search of the environmental and natural resource economics literature on ecosystem service 
valuation, focusing on the types of services that tend to benefit geographically dispersed 
populations, rather than just the local population residing in the immediate vicinity of the 
resource.  From this survey, we identify the aggregate and disaggregate (e.g., per acre of habitat 
preserved or per household) preservation value estimates that may serve as starting points for 
valuing preservation of the Salton Sea.5   
 
Because time constraints restrict us from performing a primary valuation study or a meta-
regression, either of which would provide a more accurate and reliable estimate, we therefore 
employ a more straightforward value transfer method (Rosenberg and Loomis, 2003) using 
existing research that provides estimates from other studies to be used as a benchmark for 
possible preservation values for the Salton Sea and can serve two important roles.  First, these 
estimates can provide policy makers with an idea of the preservation benefits from other studies 
of similar, albeit not identical, habitat.  Second, this exercise highlights the importance of and 
value in performing a more concrete and extensive study so as to better pinpoint the preservation 
estimates associated with a particular restoration alternative.  Of course, all the caveats of using 
this simple benefits transfer method, as pointed out in Freeman (2003) and Rosenberger and 
Loomis (2003), apply. 
 
The report is organized as follows.  Section II provides a brief discussion of the Salton Sea, with 
particular attention to the services that may be lost in lieu of any restoration plan as well as the 
legal and regulatory underpinnings that seem to motivate some sort of restoration.  Elements of 
eight restoration alternatives as outlined in the Salton Sea Ecosystem Restoration Draft PEIR 
(Draft PEIR; California State Resources Agency 2006) are discussed briefly.  In section III, a 
brief discussion of environmental and natural resource non-market valuation is provided, with 
particular attention given to non-use values, in the context of benefit-cost analysis.  Section III 
also includes a brief discussion of legal and regulatory framework supporting non-market 
valuation.  Case studies that have estimated the preservation values of ecosystem goods and 
services are presented in section IV, along with a short description of our research methodology.  
Finally, section V provides the conclusions. 
 
 
 

                                                 
5 While the authors are aware of two studies that have attempted to estimate the economic value of preserving the 

Salton Sea—CIC Research (1989) and the Inland Empire Economic Database and Forecasting Center (IEEC 
1998)—neither of these studies estimated non-market values; rather their main focus was on expenditures, 
changes in property values, and tax revenues generated from those property value changes. 
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II. The Salton Sea: Services, Legislation, and Elements of the Restoration 
Plans 

 
The Salton Sea, a terminal lake located in Southern California 35 miles north of the U.S.-Mexico 
Border, has a total surface area of nearly 370 square miles making it the largest body of water in 
California as measured by surface area (Cohen and Hyun 2006).  While lakes have existed in the 
present site in the past, the current configuration was formed in 1905 due to an unanticipated 
dam breach.  The elevation of the Sea is relatively stable currently, at around 238 feet below 
mean sea level.  This elevation is maintained by agricultural drainage inflows primarily from the 
Imperial and Coachella Valleys.  The salinity and nutrient-laden constituency of the inflow, 
coupled with the fact that the Salton Sea is a terminal lake, leads to increasing levels of salinity 
and nutrient loadings with each year.  Currently, Salton Sea salinity levels are around 46,500 
mg/L, approximately 1/3rd saltier than the ocean; the nutrient-rich inflows from agricultural 
drainage have resulted in the Sea being a very productive ecosystem with high biological activity 
yet with very low levels of dissolved oxygen concentrations. 
 
II.1 Biological Services 
 
Over the past 100 years, the Salton Sea has become a very unique and productive ecosystem.  
Currently, the Sea provides habitat to over 400 species of birds and a variety of other wildlife 
species.  In recent years, over one-half a million water birds have been observed in and around 
the Sea, and nearly 3.5 million eared grebes (Jehl and McKernan 2002).  This valuable avian 
habitat has supported more than 50 species that are officially considered threatened, endangered, 
or species of concern.  As outlined in Cohen and Hyun (2006) and elsewhere6, the Sea provides 
habitat to the federally endangered brown pelican, nearly 40% of the entire U.S. population of 
federally endangered Yuma clapper rails, more than 90% of the North American population of 
eared grebes, approximately 30% of the entire North American population of white pelicans, and 
nearly 50% of the world’s population of mountain plovers (Shuford et al. 2002).  As highlighted 
in Shuford et al. (2002), the Salton Sea provides habitat to 19 species of water birds that are 
considered species of high conservation concern.  As an aquatic habitat, the Sea supports a 
number of fish species, including the federally endangered desert pupfish.  Large populations of 
Tilapia, Orangemouth Corvina, Sargo, and Gulf Croaker have been present. 
 
As a system, the Sea provides a very unique and important habitat.  As emphasized in Shuford et 
al. (2002; p. 255), it is a “vital migratory stopover and wintering habitat for species that breed 
elsewhere in Western North America,” and the health of many of the populations that reside, 
roost, feed, or nest are dependent on the health of the Salton Sea.  As succinctly put by Cohen 
and Hyun (2006), “The Salton Sea provides critically important habitat to a diversity and 
abundance of birds.”  Furthermore, the California State Resources Agency (2006; Chapter 1) 
citing Cooper (2004) suggests that the Salton Sea has “become an internationally significant 
stopover site for hundreds of thousands of transients moving north and south along the ‘Pacific 
Flyway’, and east into the Great Basin/Prairie Pothole region as well as the winter home for 
hundreds of thousands of individuals of numerous species from around North America.”   

                                                 
6 For instance, see the Salton Sea Authority webpage (www.SaltonSea.org). 
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Yet, with increases in salinity and nutrients, and the loss and degradation of substitute habitat 
elsewhere (Dahl et al. 1997), the future portends grave concern for many of these species.   
Indeed, declining water quality from increased salinity and pollutant loadings has all but 
eliminated the marine fish species.  Barring major human intervention, the ability of the Sea to 
continue to serve as a vibrant ecosystem providing habitat for the avian populations currently 
using it and the fish species that have relied on it is unlikely.  Furthermore, under the 
Quantification Settlement Agreement (QSA) signed in 2003 that transfers water from 
agricultural users to urban users, the outlook is even bleaker.  The transfer water will come from 
agricultural users in the Imperial Irrigation District mostly through fallowing and water 
conservation schemes, thereby resulting in less drainage water flowing into the Salton Sea; 
consequently, salinity levels will increase even more rapidly than currently observed. 
 
While the exact outcome associated with the no-action alternative is unknown, researchers at the 
Pacific Institute has made some predictions.  On the physical and chemical aspects of the Sea, 
Cohen and Hyun (2006; page i) suggest: 
 

The amount of water flowing into the Sea in the next twenty years will decrease by 
more than 40%, causing its surface elevation to drop by more than 20 feet, rapidly 
shrinking its volume by more than 60%, tripling its salinity…. 

 
Consequently, the biological outcome from these changes include (ibid 2006; p. i): 
 

Many—if not most—of the hundreds of thousands of birds that currently use the Sea 
will lose their roosting and breeding habitats and their sources of food.  The Sea’s fish 
will be almost entirely gone within a dozen years.  Those birds that remain will suffer 
from disease and the reproductive deformities and failures that plagued the Kesterson 
National Wildlife Refuge twenty years ago.  Some of the endangered and threatened 
species that use the Sea may be able to find other habitats, but others could suffer 
significant population losses. 
 

Finally, the report concludes that (ibid 2006; p. iii): 
 

The future loss of food sources and the loss of habitat as the Sea recedes will eliminate 
the ecological value of the Salton Sea for most of the birds that currently use it.  The 
loss of this critically important breeding habitat and refueling stopover for migrating 
birds will be felt throughout western North America. 

 
II.2 Anthropocentric Services 
 
From an anthropocentric perspective, the losses in habitat, fish, and avian species and diversity 
have implications.  This diverse habitat has provided many benefits to society, particularly on the 
recreational front.  Millions of people have visited the Salton Sea for such activities as camping, 
fishing, birding, photography, boating, and other water-related activities.  Given the diversity and 
magnitude of the bird populations, visitors worldwide visit the Salton Sea to see the birds 
(personal communication, T. Miller, Southwest Birders, December 2006), often during the 
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Salton Sea International Bird Festival, which has held an annual event since 1997.  Alternatively, 
the Sea has been considered one of the most productive fisheries in the world (Cohn 2000), 
especially during the years from 1960 to 2000.  For instance, in 1969, the Salton Sea experienced 
nearly 1.5 million visitors, 2/3rd of which were for sport fishing (Harris et al. 1969).  In 1987, 
there were nearly 2.6 million visits by recreators to the Salton Sea, making it a more visited site 
than Yosemite National Park (CIC Research 1989).   
 
Recreational opportunities due to the services provided by the Salton Sea occur at a number of 
locals in the Imperial, Coachella, and Riverside counties (see the Draft PEIR, Chapter 13, for a 
more complete description of these establishments and the services they provide).  Recreational 
opportunities such as swimming, water skiing, sport fishing, and boating have been available 
around the Salton Sea shoreline.  At the Sonny Bono Salton Sea National Wildlife Refuge, which 
was established in 1930 as the Salton Sea National Wildlife Refuge, critical habitat exists for the 
Pacific Flyway; furthermore, this area is considered one of the premier bird watching locations in 
the nation, if not the world (California State Resources Agency 2006, p. 13-4).  Opportunities 
such as wildlife observation, photography, picnicking, and nature trails also exist at the Sonny 
Bono Refuge, which has averaged nearly 32,000 visitors annually since 1990. 
 
Another popular destination for recreation that is reliant on the restoration of the Salton Sea is 
the Salton Sea State Recreational Area (SRA).  Located along 15 miles of Salton Sea shoreline, 
the SRA has provided camping, boating, swimming, waterskiing, and angling opportunities.  
Season-high recreational visits occurred in the 1960s, with nearly 660,000 visitors.  Since the 
mid-1990s, though, visitation rates have ranged from around 100,000 to nearly 282,000 annually. 
 
Additional locations for recreation and for the preservation of these valuable and unique 
resources, especially in the aggregate as a biologically rich and diverse ecosystem, exist in and 
around the Salton Sea (e.g., the Wister and Hazard Wildlife Areas in the Imperial County).  All 
of these activities will be threatened with the continual degradation of the Salton Sea.  In the 
Draft PEIR it is noted that under a no-action policy, hunting and birdwatching opportunities 
would be reduced compared to existing conditions.  As mentioned earlier, fish populations would 
decline even further than recently observed.  As of 2000, there was a substantial decline in all 
sport fish, and marine fish have not been detected in the Department of Fish and Game gill net 
samples since mid-May 2003.  Tilapia still exist, but their populations are down to 10% of those 
levels observed in the early 1990s.  Fishing and recreational boating activities have practically 
vanished.  In the 1980s, there were eight boat launching facilities around the Salton Sea, whereas 
today only one remains.  Without the diversity and abundance of avian and marine species, and 
with the ever-decreasing water quality conditions, recreational visits for hunting, photography, 
boating, camping, picnicking, and birdwatching will decrease.   
 
Another loss associated with the degradation of the Sea, and perhaps the largest loss, does not 
necessarily come from the loss to current users of the Sea, but rather from people that care about 
the Sea regardless of whether they tangibly use the Sea currently.  People have been observed 
benefiting from environmental resources, and willing to pay to protect them, just by knowing the 
resources exists.  For example, Sanders et al. (1990) estimates what people are willing to pay 
(i.e., their value) for preserving free flowing rivers with no intention of ever visiting them.  
Alternatively, Olsen et al. (1991) estimate peoples willingness to pay (value or benefits) for 
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maintaining salmon migrations, again, without actively engaging in any recreation activities 
(e.g., fishing, photography) involving these salmon.  As will be expounded on in the next 
section, this sort of value is called a non-use or passive-use value and captures that value people 
have for resources for possible future use by themselves, future use by future generations, current 
use by others, or simply because they think it is the right or moral thing to do. 
 
II.3 Legislation and Additional Responses by Governmental Agencies 
 
Governmental response to these potential threats has occurred as early as 1992, when Congress 
enacted the Reclamation Projects Authorization and Adjustment Act (Public Law 102-575), 
which officially recognized that Salton Sea restoration was in the interest of the nation.  In 
particular, it required the Secretary of Interior to conduct research to identify a means to reduce 
and control salinity, provide endangered species habitat, enhance fisheries, and protect human 
recreational values in the area of the Salton Sea.  At the more local level, the Salton Sea 
Authority (SSA) was formed in 1993 as a joint powers authority by the approval of Imperial and 
Riverside Counties, along with the Imperial Irrigation District (IID) and Coachella Valley Water 
District (CVWD).  The SSA was charged with managing and operating the Salton Sea so as to 
improve recreational activities/opportunities, and improve water quality.  In 1998, Congress 
passed the Salton Sea Reclamation Act of 1998, which charged the Secretary of the Interior to 
perform feasibility studies and cost analyses of options for restoring the Salton Sea.  The goal of 
these investigations included finding solutions to restore recreational uses, maintain a productive 
fishery, and provide a safe, productive environment for birds and endangered species (Glenn et 
al. 1999).  A final federal act, the Water Supply, Reliability, and Environmental Improvement 
Act of 2004 (Public Law 108-361), required the Secretary of the Interior to complete a feasibility 
study on a preferred alternative for the restoration of the Salton Sea in coordination with the 
State of California and the SSA. 
 
At the state level, a number of bills were enacted, and collectively referred to as the QSA 
legislation.  One outcome of these bills was the Salton Sea Restoration Act (California State Fish 
and Game Code Section 2930), which charges the State of California to undertake the restoration 
of the Salton Sea ecosystem and provide permanent protection of the wildlife dependent on that 
ecosystem.  The Salton Sea Restoration Act required that California identify a preferred 
alternative from a list of possible restoration alternatives.  The preferred alternative was to 
provide for the maximum feasible attainment of the following objectives related to avian and 
marine species: 
 

• Restoration of long term stable aquatic and shoreline habitat for the historic levels and 
diversity of fish and wildlife that depend on the Sea; 

• Protection of water quality. 
 
II.4 Elements of Salton Sea Restoration Draft PEIR 
 
As outlined in the Draft PEIR (Chapters 2 and 3), eight alternative restoration plans are presented 
and evaluated versus two no-action alternatives.  Associated with each of the restoration 
alternatives is the provision of a Saline Habitat Complex and/or Partial Sea that is intended to 
provide similar or improved habitat relative to what currently exists for the marine and avian 
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species that have historically been present at the Salton Sea.  These alternative habitat 
configurations would provide food, nesting, and roosting habitat, as well as adequate stopover 
and wintering habitat for those birds migrating along the Pacific Flyway. 
 
Specifically, the Saline Habitat Complex, as outlined in the Draft PEIR (pp. 2-24), is to provide 
“a mosaic of shallow and deep water habitats with islands and snags that would be similar to the 
habitat located near the confluences of the New, Alamo, and Whitewater rivers and the Salton 
Sea and shallow shoreline habitat.  This type of habitat has been extremely productive for both 
fish and wildlife at the Salton Sea...”  The salinity levels of the Saline Habitat Complex would 
range from 20,000 mg/L to 200,000 mg/L, and “could be located in areas that could provide 
relatively shallow water along the shorelines.” 
 
For the Partial or Marine Sea, a number of objectives have been slated to be included, such as: 
  

• Salinity of 30,000 to 40,000 mg/L to maintain marine sea water quality; 
• Water surface elevation of -230 feet mean sea level to maintain the shoreline as close 

as possible to existing conditions; 
• Partial Sea water to be located near communities on the western and eastern 

shorelines, and managed wildlife and agricultural areas along the southern shoreline. 
 
Together, the Marine Sea and the Saline Habitat Complex are to provide services that maintain 
or build upon the quality of such services in the past, including: fishing, boating, water skiing, 
bird watching, hiking, hunting, swimming, camping, and other sorts of activities (e.g., biking). 
 
In terms of habitat that could be considered substitute habitat for current habitat, or perhaps even 
an improvement upon current habitat, the eight alternatives provide the following: 
 

• Alternative 1: 38,000 acres of Saline Habitat Complex. 
• Alternative 2:  75,000 acres of Saline Habitat Complex. 
• Alternative 3: 61,000 acres of Marine Sea. 
• Alternative 4: 88,000 acres of Concentric Lakes that would serve a similar 

role as the Saline Habitat Complex. 
• Alternative 5: 45,500 acres of Saline Habitat Complex; 62,000 acres of 

Marine Sea. 
• Alternative 6: 29,000 acres of Saline Habitat Complex; 74,000 acres of 

Marine Sea. 
• Alternative 7: 12,000 acres of Saline Habitat Complex; 104,000 acres of 

   Marine Sea 
• Alternative 8: 18,000 acres of Saline Habitat Complex; 83,000 acres of  

Marine Sea. 
 
The particular details of each alternative vary quite substantially, even in terms of where and 
how the Saline Habitat Complex and Marine Sea will be provided.  Yet the common 
denominator across all of these alternatives is that they are to provide habitat that is intended to 
(i) restore the long-term stable aquatic and shoreline habitat to historic levels and diversity of 
fish and wildlife that depend on the Sea, and (ii) protect water quality.  Hence, in our analysis 
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below, we do not evaluate and compare neither particular alternatives nor the specific 
configuration of any alternative.  Rather, we compare the intent of these restoration plans—the 
provision of substitute habitat that at a minimum maintains the services and diversity that have 
been provided historically—to the outcome under a no-action alternative.  We assume that the 
services at that have been provided at the Sea under the no-action alternative will either cease to 
exist, or those that still exist will be of substantially lesser quality relative to what has been 
historically provided (see our discussion in section II.1).  Furthermore, we do not consider other 
elements of the restoration alternative that could be substantial, in particular, issues associated 
with air quality.  Rather, we focus exclusively on the potential benefits of preserving ecosystem 
services such as those found at the Salton Sea, with particular attention to the values associated 
with birds, endangered and threatened species, biodiversity, and unique habitats. 
 
Finally, we should note that all of the particular restoration alternatives require substantial 
construction activities over a number of years, beginning in 2012.  The benefits of the services 
these alternatives are intended to provide may take between 18 and 66 years to come to fruition.  
Our analysis does not consider adjusting for differing time horizons over which these services 
will be provided.  It should be noted, though, that during the interim period while the 
construction or these alternatives is occurring, a substitute habitat will be provided to mitigate 
the adverse impacts of the construction activities as well as any increases in salinity and habitat 
degradation occurring prior to construction.  As noted in the Draft PEIR (2006, pp. 3-6): 
 

All eight alternatives would include up to 2,000 acres of shallow saline habitat for use 
by birds after the Salton Sea salinity becomes too high to sustain some species. This 
habitat would be constructed prior to construction of full-scale habitat components, and 
is referred to as Early Start Habitat. Early Start Habitat was assumed to be located at 
elevations between -228 and -232 feet msl. Early Start Habitat would be a temporary 
feature for two to six years and would be eliminated or assimilated as the alternatives 
are constructed along the southern shoreline prior to 2020. 

  
Hence, overlooking the time dimension in terms of measuring the benefits these alternatives 
provide is not critical given the provision of this Early Start Habitat. 
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III. Non-market Valuation in Benefit-Cost Analysis 
 
Much of the discussion surrounding the restoration of the Salton Sea has centered on the costs of 
the various alternatives, understandably so given these costs may exceed $4 or $5 billion over the 
75 year horizon in which the restoration alternatives are evaluated.  The focus on the costs also is 
likely due, in part, to legislation that mandates such an evaluation.  The Secretary of the 
Resources Agency in California is mandated to establish “suggested criteria for selecting and 
evaluating alternatives” (Section 2081.7 of the California State Fish and Game Code, part (e)).  
Two explicitly mentioned criteria include an evaluation of the construction, operation, and 
maintenance costs of each alternative, and the identification of a cost-effective, technically 
feasible option.  What is surprisingly absent from this discussion is the role the benefits, and in 
particular the quantification of the benefits, play in the choice of a preferred alternative.  While 
there likely is no disagreement that restoration will cost substantial money, one need only pause 
briefly to realize that the benefits of restoration can also be substantial and as such, should be 
considered in concert with any discussion of the costs. 
 
Consideration of the benefits as having equal footing with the costs of such preservation 
activities is not novel.  Ciriacy-Wantrup (1952), Barnett and Morse (1963), and Krutilla (1967) 
all highlight this point in one way or another in the context of how government might go about 
considering the trade-offs it requires of its citizenry with respect to natural resource preservation.  
A major point emphasized by Krutilla, in terms of this trade-off, is to recognize that society 
benefits from preservation in real terms: 
 

When the existence of a grand scenic wonder or a unique and fragile ecosystem is 
involved, its preservation and continued availability are a significant part of the real 
income of many individuals. (Krutilla 1967; p. 779) 

 
Furthermore, with the loss of similar habitat elsewhere, the value of these assets will likely 
increase: 
 

Natural environments will represent irreplaceable assets of appreciating value with the 
passage of time. (Krutilla 1967; p. 783) 
 

The manner in which one might consider these preservation benefits is in the context of benefit-
cost analysis, which we believe provides a more accurate comparison and evaluation of the 
merits from public spending on Salton Sea restoration than what is currently required of the 
Resources Agency.  While the foundations of benefit-cost analysis can be traced back as far as 
Benjamin Franklin’s discussion of prudential algebra, the formal use of benefit-cost analysis for 
large water-related projects can be linked to Eckstein (1958) in his evaluation of federal water-
resource programs.  In particular, Eckstein (1958, p. 2) references the Flood Control Act of 1936, 
which suggests that only projects where “the benefits, to whomsoever they may accrue, are in 
excess of the estimated costs” would be considered.  Eckstein described benefit-cost analysis as a 
very promising approach for evaluating the use of scarce natural and financial capital that can 
provide a much stronger foundation for policy decisions than what might otherwise be available. 
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Such insight is certainly useful in the current discussion associated with the Salton Sea.  The 
estimated price tag associated with the eight restoration alternatives range from $2.3 to $5.9 
billion in construction costs alone.  If decisions were based on just these costs, the no-action 
alternative would be the economically prudent strategy, costing $801 million.7  Yet a more 
economically efficient approach, and one that echoes the sentiments of Eckstein, Franklin, and 
Krutilla, among others, is to consider the returns for the investment and choose the strategy that 
provides the greatest returns per dollar invested.  The policy that maximizes the difference 
between total benefits and total costs, i.e., net benefits, is considered the most economically 
efficient solution. 
 
Why there has not been greater focus on using benefit-cost analysis in the context of Salton Sea 
restoration is puzzling, especially when such an approach has been prominent for more than 30 
years at federal level in consideration of major environmental, health, and safety regulations 
(Morgenstern 1997).  Under President Reagan’s Executive Order 12291, for instance, all major 
health, safety, and environmental regulations were subject to a regulatory impact assessment and 
needed subsequent approval by the Office of Management and Budget (OMB).  OMB required 
the “potential benefits outweigh the costs” and that “of all the alternative approaches to the given 
regulatory objective, the proposed action will maximize net benefits to society.”  These 
requirements were amended slightly under Executive Order 12866 during the Clinton 
administration.  EO 12866 replaced the condition “benefits outweigh costs” with “a reasoned 
determination that the benefits of the intended regulation justify its costs.”  Agencies were now 
allowed to “include both quantifiable measures and qualitative measures of costs and benefits” 
and to “select those approaches that maximize net benefits (including potential economic, 
environmental, public health and safety, and other advantages; distributive impacts, and equity).”  
Clinton’s order endorsed benefit-cost analysis as a tool to help inform the regulatory process, 
without forcing it to adhere to any rigid decision-making formula. 
 
Numerous real world examples exist of governments incorporating the benefits of preserving 
natural and environmental resources into their decision-making, both in the U.S. and abroad.  
Such evaluations cover a wide array of resources, including the Glen Canyon Dam (Bishop et al. 
1989), Hell’s Canyon (Krutilla and Fischer 1975), Mono Lake (Loomis 1987), the spotted owl in 
the Pacific Northwest (Hagen et al. 1992), Kootenai Falls in Montana (Duffield 1982), and the 
Kakadu Conservation Reserve in Australia (Imber et al. 1991), to name a few.  In these and other 
studies, the preservation benefits associated with the environmental and natural resources were 
quantified and given standing in benefit-cost analysis.  In each case, the quantification of the 
preservation benefits either supported an action for preservation, or modified an existing 
development scheme to be more environmentally friendly.  A large part of the value of 
preservation, if not the largest component economically, is that value that is not traded in 
markets, i.e., its non-market value. 
 
III.1 Non-market Environmental and Natural Resource Values 
 
For most goods and services, the starting point for estimating value is the market price.  Yet for 
many environmental and natural resource goods and services, no such market price exists.  For 
                                                 
7 Construction costs for the no-action alternatives include pre-existing regulations and mandates requiring protection 

of the desert pupfish, air quality management, and modification of the recreational facilities at the Salton Sea.  
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such goods as cleaner air, biodiversity, endangered species, and wildlife habitat, rarely are there 
market transactions revealing the price, and subsequently the value, of these goods and services 
to society.  Consequently, the scarcity value of these goods and services is not readily apparent to 
policy makers in charge of determining how these scarce and often unique resources are to be 
allocated.  As an example of this problem, consider the decision of how to allocate an acre of 
land in, say, Sequoia National Forest.  There is value associated with the timber that could be 
obtained from these giant trees.  Yet, there also is value in preserving the forest in its present 
state for recreation activities such as hiking, camping, and photography today and in the future.  
There is value indirectly in the habitat these forests and trees provide for other wildlife resources 
we enjoy.  There is also value in simply knowing that these resources exist for use by others, and 
possible future use by current and future generations.  As such, we define the value of a resource 
that is not revealed through market transactions as its non-market value.  Without knowledge 
these non-market values, benefit-cost analysis is limited in its usefulness in aiding policy 
markers on how to efficiently and equitably allocate these resources.   
 
The objective of non-market valuation is to estimate the economic value of these environmental 
and natural resources to society.  Quantification of the benefits allows these goods and services 
to have equal footing in benefit-cost analysis.  In considering the benefits of preservation, one 
would want to account for total value of the resource, where total value is defined as: 
 
  Total Economic Value = Use Value + Non-use Value. 
 
Use value relates to the tangible use of the resource presently.  It can include both consumptive 
use (e.g., catch and keep fishing) and non-consumptive use (e.g., photography, or catch and 
release fishing).  Non-use value, as described in Kopp and Smith (1993; p. 340), is that 
“…component of the value of a natural resource that does not derive from the in situ 
consumption of the resource.”  Alternatively, Freeman (2003) notes that environmental values 
that are independent of peoples’ current use have been given a variety of names, including non-
use value, existence value, intrinsic value, and passive-use value.  There are four general 
categories for non-use values, including: option value—the value that people place on a good or 
service for future possible use; altruistic value—the value someone places on the preservation of 
a resource for use by others in the current generation; bequest value—the value someone places 
on the preservation of a resource for use by future generations; and existence value—the value 
one places on a resource for its mere existence, possibly for moral or ethical reasons. 
 
Non-market valuation techniques are widely accepted and used by federal and state agencies, 
including the National Marine Fisheries Service, the U.S. Water Resources Council, and state 
fish and game agencies in such states as Oregon, Nevada, California, Idaho, and Maine, to name 
a few (Loomis 1993).8  And while the popular press has only recently begun extolling the 
importance of placing a value on non-market environmental goods and services,9 these values, 
and the techniques used to estimate them, have been given standing in legislative mandates and 
by state and federal government agencies for decades, including: the Comprehensive 
Environmental Response, Liability, and Compensation Act (CERCLA) of 1980; the Oil 

                                                 
8 For a complete description of these techniques, see Freeman (2003). 
9  For example, The Economist, 2005, April 3rd- 29th, pp. 76-78; Business Week, 2004, December 29th; Infocus 

Magazine, 2005; 4.3; Outside Magazine, March, 2005, pp. 106-123. 
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Pollution Act (OPA) of 1990; U.S. Water Resources Council; the U.S. Department of Interior 
(DOI); and the U.S. Forest Service.  Federal and state agencies also consider non-market values 
when making natural resource allocation decisions.  Since 1979, for example, the U.S. Army 
Corps of Engineers and U.S. Bureau of Reclamation have been required to assess the value of 
recreation benefits in cases where federal projects impact areas of high visitation (U.S. Water 
Resources Council 1979; Loomis 2005). The U.S. Environmental Protection Agency is required 
to conduct benefit-cost analyses of environmental regulations and must include estimates of non-
market benefits.  CERCLA mandates that lost recreation values and “passive use” values from 
toxic waste sites and hazardous materials spills must be assessed in order to measure the full 
value of damaged natural resources. Many states have funded studies measuring non-market 
values associated with recreation, including the State of California, which sponsored an analysis 
of the values of protecting Mono Lake as a bird habitat (Loomis 2005). The validity of valuing 
changes in natural resource quality has been upheld in state and federal courts, and these 
techniques have been useful in guiding resource allocation decisions at state and federal levels.  
 
In considering the non-market values associated with preservation of the Salton Sea, a variety of 
stakeholders come to mind.  The Sea provides many non-market benefits to the State of 
California.  As mentioned in Section II, thousands of visitors frequent the Sea annually for 
birdwatching, it has been the only Talapia sports fishing area in the state, and other activities 
such as camping, boating, and swimming occur throughout the year.  Indeed, on average nearly 
200,000 visitors annually frequent the Salton Sea State Recreation Area alone.  According to 
IEEC (1998), the total value in 1998 of all Salton Sea properties within ½ mile of the shoreline 
was $154.8 million, while the total population within five miles of the Salton Sea was estimated 
to be fewer than 15,000.  Maintaining and/or enhancing recreational uses can impact a large 
population base, including residents from San Diego and Los Angeles, California.  
 
The Sea also provides non-market benefits to the nation as a whole.  The Salton Sea is ranked as 
the second highest birding area in the nation.  Indeed, 90% of the North American population of 
eared grebes, more than 80 percent of the entire western U.S. population of white pelicans, and 
nearly half of the U.S. population of Yuma clapper rails (an endangered subspecies) utilize this 
habitat.  The Sea is also one of the two nesting areas in the western US for gull-billed terns, a 
bird proposed for listing as a threatened species.  From a fishery perspective, the Sea has 
supported eight species of fish, including the federally endangered desert pupfish and four 
important sport fishes (Tilapia, Bairdiella, Sargo, and Orangemouth Corvina). 
 
While citizens throughout the U.S. are likely to have positive use and non-use values for 
preserving ecosystem services at the Salton Sea, geographic proximity likely plays some role in 
influencing the magnitude of these values.  While there is an obvious connection between use 
value and proximity, particular types of non-use values (e.g., option value, altruistic value, and 
bequest value) are likely to be influenced by proximity as well.  From a regional or national 
perspective, then, other states along the Pacific Flyway—Washington, Oregon, and Arizona—are 
likely to have fairly high non-market values for Salton Sea preservation.  Furthermore, given that 
Nevada is contiguous with California and has a major metropolitan center less than a one-day 
drive from the Salton Sea, they too likely have large non-market values for Sea preservation. 
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III.2 The Contingent Valuation Method and Non-use Values 
 
Much, if not most, of the value and benefits of preserving the Salton Sea likely is represented by 
non-market values, and in particular, the non-use value component of total value.  In the studies 
presented below from which we identify possible values associated with Salton Sea restoration, 
the Contingent Valuation Method (CVM) is often used.  CVM is one of the most popular 
methods for estimating non-market values, and the most popular method for estimating non-use 
values as it is one of two methods that estimate these values.10  As a stated preference method, 
CVM uses a survey to create a realistic, albeit hypothetical, market where peoples’ values for a 
good or service are expressed.  CVM is well-suited for estimating the preservation value 
associated with the Salton Sea as it allows estimation of total value of any particular good or 
service, or habitat, rather than components of that value.  CVM is a well-accepted technique for 
valuing non-market goods and services, with there being far greater than 1600 CVM studies 
estimating non-market values in over 40 countries (Carson et al. 1994).  The U.S. DOI has 
adopted CVM to measure non-market values for damages under CERCLA, while NOAA has 
endorsed the use of this method for damage assessment under the Oil Pollution Act of 1990; it is 
also recommended by the U.S. Water Resources Council (1979) for use in benefit-cost analysis.  
 
CVM surveys consist of four main elements.  The first element is a description of the program 
the respondent is asked to value or vote upon.  This element often involves a description of the 
baseline services with no action, and an improved level of services with some type of policy 
action.  Identifying the conditions of the “no-action” alternative and other restoration options will 
require research by the physical and biological scientists on this team.  The second element of 
the CVM is specifying a mechanism for eliciting value or choice.  There are a variety of options 
for eliciting value, the most well-accepted being a referendum type question that asks the 
respondent to vote yes or no to a specified price or prices.  A “payment vehicle” describing the 
manner in which the hypothetical payments are collected is the third element.  Such vehicles 
have included higher taxes or utility bills, or a payment into a trust fund (Loomis et al. 2000).  
The fourth element consists of collecting information on respondent attitudes and characteristics 
including socioeconomic characteristics and environmental attitudes. 
 
It should be mentioned that the measurement of non-use values, and in particular using CVM to 
measure non-use values, has generated controversy.  In theory most economists seem to agree 
that non-use values are indeed a legitimate value; in practice, though, there is concern as to the 
reliability of such estimates since non-use values entail no actual observable use (Hausman 
1993).  In an effort to assess the reliability of CVM in measuring non-use values, NOAA 
convened a panel of prominent social scientists co-chaired by two Nobel Laureate economists.  
The panel concluded that if CVM practitioners follow a certain set of conditions, the results 
obtained from CVM are likely to be reliable (Arrow et al. 1993) and a useful starting point for 
administrative and judicial decisions.  Subsequent research has discussed issues associated with 
the conclusions of the NOAA panel, and provided additional procedures that ensure CVM 
reliability (Hanemann 1994).   There is precedent at the federal levels for acknowledging and 
incorporating non-use values into economic analysis.  The U.S. DOI under CERCLA, and 
NOAA under the Oil Pollution Act of 1990, both endorse including non-use values in their 
economic analyses associated with measuring the loss in value from chemical and oil spills. 
                                                 
10 For a complete description of this method, see Freeman (2003). 
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IV. Case Studies of Non-Market Benefits Estimates for Ecosystem Services  
 
The most accurate and reliable assessment of the non-market benefits provided by the ecosystem 
services of the Salton Sea would require a primary valuation study.  Such a study would involve 
a detailed survey of a sample of the population of individuals who potentially benefit from the 
ecosystem services of the Sea.  This sample would include both users of the Sea (e.g., birders, 
anglers, hunters) as well as people who have not used the Sea and who may not even plan to use 
it, but who nonetheless derive benefits from the flow of ecosystem services in the form of non-
use value.  The survey data would form the basis for a statistical analysis of individual values, 
which would then be extrapolated from the survey sample to the relevant population to determine 
the aggregate benefit provided to the public by the ecosystem services of the Sea. 
 
Currently it is not possible to conduct a primary valuation study for the Salton Sea because both 
time and funding are insufficient.  But it is possible to examine the results of previous studies of 
similar resources in order to gain a better understanding of the likely magnitudes of non-market 
benefits derived from the Sea.  The use of information from previous primary valuation studies 
to inform current decisions is known as “benefit transfer” (Rosenberger and Loomis 2003).   
 
Generally the initial steps in any benefit transfer involve: (1) defining the policy context; (2) 
conducting a thorough literature review; and (3) screening and evaluating the previous research 
studies.  Subsequently, various statistical tools can be brought to bear on the estimates derived in 
the previous studies in order to “transfer” the information to the case at hand.  Relatively simple 
applications involve calculating an average per-unit value from the previous studies and using 
that quantity to approximate the per-unit value in the current application.  This is often called 
“value transfer.”  More complex analyses involve using the previous studies to estimate a 
“benefit function” that accepts as inputs the characteristics of a resource and provides as output a 
value estimate.  This is often called “function transfer” (for an example involving wetlands, see 
Brander et al. 2006).   
 
The purpose of this report is to accomplish steps (1) – (3) and then to provide some preliminary 
estimates using the value transfer method that suggest the likely magnitude of non-market 
benefits provided by the Salton Sea.  These estimates are preliminary because we are unable to 
undertake a formal statistical analysis of the previous research studies at this time.  However, our 
approach conforms to accepted benefit transfer practices.   
 
IV.1 Research Methodology and Literature Search Strategy 
 
To identify previous valuation studies with potential relevance for the Salton Sea, we undertook 
a thorough search of the environmental and natural resource economics literature on ecosystem 
service valuation.  We focused on the types of services that tend to benefit geographically 
dispersed populations, rather than just the local population residing in the immediate vicinity of 
the resource.11  Our search included: (1) the EconLit database, which is the American Economic 
                                                 
11  It is worth emphasizing that the purpose of this report is not to focus on the types of values the Sea provides to its 

local resident population, but rather the types of values it provides to a much broader set of individuals residing 
in California, throughout the U.S., and perhaps even in other countries.   
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Association’s electronic bibliography and the main repository for academic research in all 
economics disciplines, including over 782,000 records; (2) the Environmental Valuation 
Reference Inventory (EVRI), which is maintained by Environment Canada and includes over 
1,700 economic valuation studies; (3) Google Scholar, which provides access to potentially 
relevant papers published in disciplines other than economics that may not be included in the 
preceding databases; and (4) our own private collections of literature on natural resource 
valuation.  We searched for studies that addressed combinations of the following topics: 
existence, option, preservation, bequest, altruistic, passive use, or non-use value; birds, fish, 
endangered, or threatened species; ecosystem, wetland, flyway, habitat, or biodiversity; 
waterfowl hunting; Mono Lake, San Joaquin Valley, Owens Lake, Great Salt Lake, Aral Sea, or 
San Diego National Wildlife Refuge; or contingent valuation.   
 
IV.2 Results and Interpretation 
 
Our initial searching and screening of these sources and topics produced around 70 studies.  Our 
secondary screening narrowed the list to 23 studies of which 20 included at least one value with 
potential relevance for the Salton Sea.  These 23 studies are summarized in table 1.  They also 
are grouped according to topical similarity: San Joaquin Valley (7 studies), Mono Lake (3 
studies), endangered species (5 studies), waterfowl hunting (3 studies), and other (5 studies).   
 
Table 1 is organized as follows.  The first column provides the bibliographic source.  We were 
able to locate copies of 21 of the 23 studies; for the remaining 2 studies we relied on summaries 
provided by EVRI.  The second column summarizes the most relevant valuation information 
from each study: typically the resource(s) that was (were) valued, the relevant population, and 
the reported value estimate(s).  In this column we also translate reported values to current values 
by adjusting each reported estimate to 2006 dollars using the U.S. Bureau of Labor Statistics’ 
Consumer Price Index (U.S. Department of Labor 2006).  The third column identifies the 
relevance of each study for the Salton Sea and the fourth column provides additional comments.   
 
IV.2.a San Joaquin Valley Studies 
 
Before it was intensively developed for agricultural and urban uses, the San Joaquin Valley 
(SJV) provided habitat for between 5 and 10 million resident and migratory waterfowl and 
100,000 spawning Chinook salmon annually (Jones & Stokes Associates (JSA) 1990).  By the 
mid 1980s, the bird population had declined to nearly 500,000, the salmon population had 
declined to approximately 30,000, and about 90% of all wetlands in the SJV had been lost (JSA 
1990).  As part of an effort to address the problem of agricultural drainage in the SJV and its 
impacts on natural resources, a contingent valuation study was conducted by Jones & Stokes 
Associates, Inc. (JSA 1990) to estimate the economic values associated with alternative fish and 
wildlife programs.  Here we review this study (the JSA-SJV study) and the analyses it spawned.   
 
The JSA-SJV study surveyed selected households in California (both within and outside of the 
SJV), Oregon, Washington, and Nevada in order to determine estimates of both use and non-use 
values.  By focusing on these states, the study captured values held by residents in the heart of 
the Pacific Flyway, of which the SJV is an important part.  Clearly residents in other states and 
countries may also benefit from the ecosystem services of the SJV, but this study focused on the 
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region where individual values arguably could be highest.  The values estimated by the study 
later were used to determine the economic efficiency of transferring water from existing uses, 
such as agriculture, to wetlands and the San Joaquin River.   
 
The JSA-SJV study focused on five possible environmental programs and asked respondents to 
state whether they would vote for each program if it would cost their household some additional 
amount in taxes each year.  The programs were (JSA 1990):  
 

• Wetlands habitat and wildlife maintenance program.  Prevents a 70% decline in high-
quality wetlands habitat (from 85,000 to 27,000 acres); prevents an 85% decline in 
resident bird populations and a 65% decline in migratory bird populations; maintains 
other threatened and endangered species in the SJV at their current population levels. 

• Wetlands habitat and wildlife improvement program.  Increases high-quality wetlands 
habitat by 45% (from 85,000 to 125,000 acres); increases resident bird populations by 
40% and migratory bird populations by 45%; increases populations of other threatened 
and endangered species in the SJV by about 50%.   

• Wildlife contamination control maintenance program.  Prevents an increase (from 70% to 
95%) in the percentage of the SJV’s resident bird population that is regularly exposed to 
harmful levels of contamination.   

• Wildlife contamination control improvement program.  Reduces (from 70% to 20%) the 
percentage of the SJV’s resident bird population that is regularly exposed to harmful 
levels of contamination.   

• San Joaquin River and Salmon improvement program.  Increases annual number of 
spawning Chinook salmon from less than 100 to 15,000; increases commercial salmon 
catch by about 6% and recreational catch by about 5%; improves habitat for resident and 
migratory bird populations; improves wildlife viewing opportunities and scenic quality; 
improves opportunities for water-based recreation (rafting, canoeing, kayaking).   

 
The data collected by the JSA-SJV study was used by six of the seven San Joaquin Valley 
studies listed in table 1.  The six studies differ in terms of their statistical methods, their relevant 
populations (some use all respondents, one uses only California residents, one uses only SJV 
residents, one uses non-SJV California residents), and their main foci (one focuses on distance, 
another on substitution effects across the five programs).  The seventh study in this section uses a 
different data set—a survey of visitors to SJV wetlands—to estimate use value.   
 
The relevance of these studies for the Salton Sea is clear.  Each assesses use and/or non-use 
values held by western U.S. residents for maintaining or improving ecosystem services in the 
California section of the Pacific Flyway.  Each focuses on wetlands habitat and bird populations.  
Several demonstrate significant value held by residents who do not reside in the immediate 
vicinity of the resource.  All of these characteristics are applicable to the case of the Salton Sea.   
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San Joaquin Valley Studies: Values 
 
Using the information summarized in table 1, we can generate a range of estimates for the 
current annual value of 1,000 acres of SJV wetlands to an average household (in 2006 dollars):12 
 
For the average household in CA: 

• Annual value of 1,000 acres of SJV wetlands saved: $4.31 
• Annual value of 1,000 acres of SJV wetlands created: $6.15-$10.33 

 
For the average household in OR, WA, and NV: 

• Annual value of 1,000 acres of SJV wetlands saved: $2.59 
• Annual value of 1,000 acres of SJV wetlands created: $4.18-$6.55 

 
For the average household in CA, OR, WA, and NV: 

• Annual value of 1,000 acres of SJV wetlands saved: $4.26 
• Annual value of 1,000 acres of SJV wetlands created:  $10.20 

 
Extrapolating the per-household values to the number of households reported in the 2000 census 
(U.S. Department of Commerce 2001), which is a conservative estimate of the current number of 
households, gives (in 2006 dollars): 
 
For all households in CA: 

• Annual value of 1,000 acres of SJV wetlands saved: $49.6 million 
• Annual value of 1,000 acres of SJV wetlands created: $70.7-$118.9 million 

 
For all households in OR, WA, and NV: 

• Annual value of 1,000 acres of SJV wetlands saved: $11.3 million 
• Annual value of 1,000 acres of SJV wetlands created: $18.2-$28.5 million 

 
For all households in CA, OR, WA, and NV: 

• Annual value of 1,000 acres of SJV wetlands saved: $67.6 million 
• Annual value of 1,000 acres of SJV wetlands created: $161.8 million 

 
Using the lowest estimates, the current annual value of 1,000 acres of SJV wetlands is: 
 

• $49.6 million to all households in CA 
• $11.3 million to all households in OR, WA, and NV 
• $67.6 million to all households in CA, OR, WA, and NV 

 
San Joaquin Valley Studies: Summary  
 
To the extent wetlands at the Salton Sea provide ecosystem services similar to those provided by 
wetlands in the SJV, and to the extent people value these services similarly, a conservative 
                                                 
12  This analysis assumes a constant per-acre value and does not consider statistical confidence intervals that may 

have been reported in the original studies.   
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estimate of the current state-wide annual value of 1,000 acres of wetland habitat at the Salton Sea 
is approximately $50 million.  Applying this estimate to each of the eight restoration alternatives 
implies the following state-wide annual values:  
 

• Alternative 1: $1.9 billion for 38,000 acres of Saline Habitat Complex. 
• Alternative 2:  $3.75 billion for 75,000 acres of Saline Habitat Complex. 
• Alternative 3: Unknown value for 61,000 acres of Marine Sea. 
• Alternative 4: $4.4 billion for 88,000 acres of Concentric Lakes that would serve a 

 similar role as the Saline Habitat Complex. 
• Alternative 5: $2.275 billion for 45,500 acres of Saline Habitat Complex; unknown 

 value for 62,000 acres of Marine Sea. 
• Alternative 6: $1.45 billion for 29,000 acres of Saline Habitat Complex; unknown 

 value for 74,000 acres of Marine Sea. 
• Alternative 7: $0.6 billion for 12,000 acres of Saline Habitat Complex; unknown 

 value for 104,000 acres of Marine Sea 
• Alternative 8: $0.9 billion for 18,000 acres of Saline Habitat Complex; unknown 

 value for 83,000 acres of Marine Sea. 
 
Assuming any of these alternatives would adequately restore the ecosystem services provided by 
the Sea and prevent future degradation, Alternative 7 suggests that the state-wide value of 
preserving the Sea is at least $0.6 billion annually and probably significantly higher due to the 
unknown value associated with the large Marine Sea.  Alternatives 1, 2, and 4 suggest the state-
wide value is between $1.9 and $4.4 billion annually.  We believe the latter range is more 
indicative of the actual value.   
 
However, caution should be used in transferring any of the estimated SJV values directly to the 
Salton Sea.  Despite their many similarities, the Salton Sea and the SJV are different places 
marked by different characteristics.  People’s perceptions of them may differ and therefore their 
values may differ.  The JSA-SJV study also was conducted 17 years ago when the population of 
the western U.S. was different than it is today.  Although none of these arguments should be 
interpreted as justification for necessarily discounting the values reported in table 1 (indeed, as 
wetland habitat along the Pacific Flyway becomes more scarce (Dahl et al. 1997; Friend 2002), 
its value is likely to rise; furthermore, as people become wealthier, their willingness to pay for 
preservation efforts tends to increase), they should be interpreted as rationale for treating the 
value transfer as a suggestive estimate.  A significantly more accurate estimate could be obtained 
from a primary valuation study of the Salton Sea. 
 
IV.2.b Mono Lake Studies 
 
Mono Lake is a 760,000 year-old saline lake which historically contained about 4.3 million acre-
feet of water with an average depth of around 78 feet and an approximate surface area of 54,700 
acres (Mono Lake Committee 2006; JSA 1993).  Since 1941, the City of Los Angeles has been 
using the lake’s natural inflow as a water source when it extended the first Los Angeles aqueduct 
north into the Mono Basin.  When the second Los Angeles aqueduct was completed in 1970, the 
city began diverting its full allocation of 100,000 acre-feet of water each year (Loomis 1987).  
Due to both water diversions and drought, the lake level fell significantly and the ecosystem—
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which provides nesting habitat for substantial portions of the California population of California 
gulls and the world population of Eared Grebes—became increasingly stressed (Loomis 1987).  
The scenic quality of the lake and its suitability as a recreational resource also were damaged.  A 
series of court cases eventually established that the State of California must balance its 
enforcement of the right to divert water against its duty to steward natural resources, and that this 
balancing may involve modifications to existing water rights when diversion causes unavoidable 
damages (Loomis 1987).   
 
To help inform the debate regarding the definition of “balance,” a contingent valuation study was 
conducted to determine the public benefits derived from the Mono Lake ecosystem (Loomis 
1987).  After reviewing this study, the California State Water Resources Control Board (the State 
Water Board) required an even more thorough non-market valuation study as part of the 
Environmental Impact Report (EIR) for the Mono Basin Water Rights Review.  This study was 
conducted by Jones & Stokes Associates, Inc. (JSA 1993) and also included a contingent 
valuation survey.  The two contingent valuation studies were similar but the values reported in 
the EIR (the JSA-Mono Lake study) generally were more conservative.   
 
Both studies surveyed selected households in California in order to estimate both use and non-
use values associated with Mono Lake.13  As in the case of the SJV wetlands, residents in other 
states and countries may also benefit from the ecosystem services provided by Mono Lake; but 
these studies again focused on the region where individual values are probably highest.  In the 
Mono Lake case, this region coincided with the political entity charged with balancing the costs 
and benefits of competing uses.  The values estimated by these studies, particularly the JSA-
Mono Lake study, were used to assess how much the public should invest in water conservation 
practices and/or reallocate existing diversions from lower to higher valued uses.   
 
The key issue in the Mono Lake case is the lake elevation, which is directly linked to the scenic 
quality of the lake, recreation opportunities, water quality, air quality, habitat suitability and food 
availability for birds, and water supply for Los Angeles.  Therefore each of these studies 
developed alternative lake elevation scenarios to be evaluated by respondents.  Each lake 
elevation corresponded to a set of conditions that were described to respondents who were then 
asked questions about their preferences for the different scenarios.  Loomis also conducted a 
follow-up study (Loomis 1989) to determine if values had changed through time. 
 
Mono Lake Studies: Values  
 
In 1994 the State Water Board established a target lake elevation of 6,392 feet.  Although this 
level is about 25 feet below pre-1941 levels, the Board determined that this level would 
adequately restore the ecosystem services and prevent future degradation.  Using the information 
summarized in table 1, we can generate a range of estimates for the current annual value of 
maintaining an “ecologically adequate” lake level, as defined by the State (in 2006 dollars):14   
 
For the average household in CA: 

                                                 
13 The JSA-Mono Lake study also conducted a separate regional assessment of recreation benefits, but the recreation 

benefits that are specific to Mono Lake also are included in the contingent valuation estimates.   
14 Again we do not consider statistical confidence intervals that may have been reported in the original studies.   



K2 Economics – Salton Sea Non-Market Benefits – Final Report 

 20

• Annual value of maintaining a 6,387-foot elevation (Loomis 1987): $288-$656 
• Annual value of maintaining a 6,387-foot elevation (Loomis 1989): $199-$252 
• Annual value of maintaining a 6,390-foot elevation (JSA 1993): $131 

 
It is important to note that these values are relative to a “no-action” scenario that was specified in 
each study.  That is, these values represent average household willingness to pay to achieve the 
specified lake level rather than allow the lake level to decline to the no-action level.  As table 1 
shows, the no-action level specified by Loomis (6,342 feet) was much lower than the no-action 
level specified in the EIR (6,372 feet).  We suspect the relatively higher values derived by 
Loomis were largely due to this difference: with more at stake, people were willing to pay more.   
 
Extrapolating these per-household values to the number of households reported in the 2000 
census (U.S. Department of Commerce 2001), which is a conservative estimate of the current 
number of households, gives (in 2006 dollars): 
 
For all households in CA: 

• Annual value of maintaining a 6,387-foot elevation (Loomis 1987): $3.3-$7.5 billion 
• Annual value of maintaining a 6,387-foot elevation (Loomis 1989): $2.3-$2.9 billion 
• Annual value of maintaining a 6,390-foot elevation (JSA 1993): $1.5 billion 

 
Mono Lake Studies: Summary  
 
To the extent the ecosystem services provided by a restored Mono Lake and a restored Salton 
Sea to the residents of California are similar, and to the extent people value these services 
similarly, a conservative estimate of the current state-wide value of adequate restoration and 
preservation of the Salton Sea is approximately $1.5 billion annually. 
 
However, as before, caution should be used in transferring any of these values directly to the 
Salton Sea.  Although Mono Lake and the Salton Sea exhibit many of the same important 
characteristics, they also exhibit important differences that have not been quantified here.  
People’s perceptions of these resources also may differ and therefore their values may differ.  
Both the Loomis study and the JSA-Mono Lake study were conducted 15-20 years ago when the 
population of California was different than it is today.  Again, these arguments should not be 
interpreted as justification for discounting or inflating the values in table 1, but they should be 
interpreted as strong motivation for treating the value transfers as suggestive estimates.  A 
significantly more reliable estimate could be obtained from a primary valuation study of the 
Salton Sea. 
 
IV.2.c Endangered Species Studies 
 
Table 1 presents five studies of endangered species preservation.  Four of these studies are 
primary valuation studies and one is a meta-analysis of previous work.  The species examined by 
the four primary valuation studies include: the Riverside fairy shrimp, the whooping crane, the 
Mexican spotted owl, and the striped shiner.  Although the relevance of each study for the Salton 
Sea is provided in the table, both individually and as a whole the values estimated by these 
studies are not as informative or as transferable as those for the SJV and Mono Lake.  Generally 
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this is because the SJV and Mono Lake studies focus on whole ecological systems that provide a 
myriad of benefits to the public, whereas these studies focus on the value of preserving 
individual species.15  The SJV and Mono Lake studies therefore provide more reliable 
assessments of the total non-market value associated with a resource like the Salton Sea.  Our 
discussion of the endangered species studies, therefore, is more limited. 
 
As a group, these studies generally demonstrate significant non-use value held by U.S. residents 
(or subsets thereof) for preserving endangered bird and fish species.  Two of these species—the 
Riverside fairy shrimp, which is native to Southern California, and the striped shiner—could be 
characterized as obscure or uncharismatic but potentially important components of the food web.  
This is particularly true for the fairy shrimp which is an important food source for migratory 
birds (Stanley 2005).  Similarities with the Salton Sea are evident.   
 
It is important to note that it would not be appropriate to simply add the value of species 
preservation to an estimate of ecosystem value similar to those presented above because doing so 
likely would involve double-counting certain benefits.  However, it is reasonable to expect that 
people place higher values on ecosystem preservation efforts when an endangered species is 
involved ceteris paribus.16  The presence of multiple threatened and endangered species at the 
Salton Sea, including the Yuma clapper rail and the brown pelican, thus would tend to increase 
preservation values.   
 
Lastly, it is also worth noting that Stanley (2005) argues for national support of species 
preservation efforts because the benefits of such efforts tend to be geographically wide-spread.  
A primary valuation study of the Salton Sea that includes residents from throughout the western 
U.S. likely would capture a significant portion of this dispersed value.   
 
IV.2.d Waterfowl Hunting Studies 
 
Upon first consideration, the benefits provided by the Salton Sea to waterfowl hunters might 
seem to comprise a relatively small portion of its total non-market value.  This would seem to be 
especially true if one considers only hunting trips taken to the Sea itself.  But the Sea is an 
important component of the Pacific Flyway.  The characteristics of the Sea help to determine the 
types and numbers of birds using the Flyway and thus affect the quantity and quality of hunting 
trips taken throughout the Flyway.  In other words, just as preservation efforts at the Sea provide 
non-use value for residents who live far away and may never visit the Sea, such efforts also 
provide use value for hunters who also never visit the Sea but who hunt elsewhere in the Flyway.   
 
According to the U.S. Fish and Wildlife Service, nearly 2.5 million hunting trips were taken for 
migratory birds in the Pacific Flyway states of CA, OR, WA, and NV during 2001 (U.S. 
Department of the Interior 2001).  Using the most conservative estimate of the net benefit of a 

                                                 
15 Preservation of a species typically involves preservation of its habitat which likely generates other benefits.  

However, the contingent market that must be created to assess the value of preserving a species tends to be 
different from the market created to assess the value of preserving habitat that contains a species; therefore the 
estimated values tend to be different.   

16 We are unable to find statistical evidence that supports this reasoning.  
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trip from table 1 ($47), the current annual net value of hunting migratory birds in these states is 
approximately $115 million.17   
 
The portion of this net value that can be attributed to the ecosystem services provided by the 
Salton Sea is unclear.  It has been shown that hunters value more bird sightings (Duffield and 
Neher 1991), so to the extent the Salton Sea ecosystem supports the migratory bird population of 
the Flyway, it adds to the value of each trip currently taken (and thus to the total value of 
hunting).  Higher bird numbers may also encourage more trips to be taken, which also would 
increase the total value of hunting in the Flyway.18  Furthermore, as the total amount of habitat in 
the Pacific Flyway decreases, each remaining refuge plays an increasingly important role in 
sustaining the bird population.  Less habitat generally means less food, fewer nesting sites, and 
increased risk of disease due to the effects of concentrating the population in relatively few areas.   
 
As before, it is important to note that it would not be appropriate to add the value of hunting in 
the Flyway to an estimate of ecosystem value because doing so likely would involve double-
counting certain benefits.  Rather, we highlight this use value to emphasize that both use and 
non-use values provided by the Sea are probably both large in magnitude and geographically 
widespread.  A contingent valuation study that includes residents throughout the Pacific Flyway 
could capture this aspect of preservation value.   
 
IV.2.e Other Studies 
 
The remaining five studies in table 1 cover a range of subjects, each related to the Salton Sea.  
Three are primary valuation studies of Pacific coast seabirds, migratory birds in the Central 
Flyway, and wetlands in the northeastern U.S. One is a meta-analysis of wetland valuation 
studies.  Notably, the study by Loomis (2000) emphasizes the diffuse nature of benefits derived 
from resource preservation programs.  For six different programs, the study estimates the 
fraction of total national value that is held by residents within the state(s) where the resource is 
located.  The study finds that, on average, state residents hold only 13% of the total value, with 
the remaining benefits accruing to out-of-state residents.  For California, the fraction is slightly 
higher at 18%, and it is not possible to rule-out percentages as high as 100% for two of the three 
California programs considered.  Nonetheless, these results reinforce the argument by Stanley 
(2005) that national support for preservation efforts typically can be justified on the basis of 
geographically wide-spread benefits.  This is likely to be true especially for large-scale efforts.   
 
IV.3 Summary of Results 
 
Our review of the relevant literature produced 23 studies of which 20 contain at least one value 
which is potentially relevant for the Salton Sea.  Of these studies, those which address wetlands 
and wildlife in the San Joaquin Valley and those which address the Mono Lake ecosystem are 

                                                 
17 Net benefit (or net value) is the difference between the gross benefit derived and the cost incurred.  All other 

values reported in this report are gross benefits, which can be measured as willingness to pay (WTP).  Using the 
estimated (gross) benefit of a hunting trip in the Montana section of the Pacific Flyway from table 1 ($140) yields 
a current annual value of $342 million for hunting in these four Flyway states.   

18 Duffield and Neher (1991) examined this possibility but did not find a statistically significant effect.  We are 
unable to find statistical evidence that supports this reasoning.   
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most relevant and provide the most useful benefits estimates.  Keeping in mind the uniqueness of 
the Salton Sea—which we believe tends to increase its value while also making it difficult to 
transfer benefits estimates from previous research—and the caveats we have provided 
throughout this report, we believe that a conservative order-of-magnitude estimate of the non-
market benefits provided to the residents of California by a restored and preserved Salton Sea 
would be in the range of $1-$5 billion annually.  This is an annual value expressed in 2006 
dollars.  It is largely based on the $1.9-$4.4 billion benefit estimate calculated from the SJV 
studies and on the $1.5 billion benefit estimate calculated from the Mono Lake studies.  This 
estimated range includes both use and non-use value, but probably mostly non-use value.   
 
When considering whether to invest in a project that will generate returns for many years into the 
future, economists regularly convert all future payments into present values to determine whether 
the investment is expected to produce a positive net return.  By specifying a discount rate and a 
time horizon, and making the conservative assumption that the nominal annual benefit derived 
from the Sea remains constant through time, we can convert our estimated range of annual 
benefits into a present value so that it may be more readily compared with anticipated costs.  
Table 2 provides the present value of $1 billion annually for different discount rates and time 
horizons.  Multiplying each table entry by 5 gives the present value of $5 billion annually for the 
same combinations of discount rates and time horizons.   
 
Some additional considerations are worth mentioning when interpreting this estimated range of 
preservation benefits.  First, assuming the transferability of the SJV and Mono Lake estimates is 
high (something we cannot determine with certainty without conducting a similar primary 
valuation study of the Salton Sea), we are inclined to believe that they probably underestimate 
the total non-market value of the Sea.  We believe the SJV estimates are low primarily because 
they value only wetland habitat.  The other attributes of the Sea clearly have positive values that 
are not included in this estimate.  We believe the Mono Lake estimate is low primarily because 
the Sea is significantly larger than Mono Lake and seems to provide a wider variety of services 
to society.  Furthermore, we believe the higher Mono Lake estimates by Loomis (1987, 1989) 
may provide better comparison values for the Sea because they are based on a relatively worse 
no-action scenario.  Compared to the no-action scenario considered in the Mono Lake EIR (JSA 
1993), we think the no-action scenario considered by Loomis is more similar to that for the 
Salton Sea.19 
 
However, people’s perceptions of the Sea could differ significantly from their perceptions of the 
SJV wetlands and Mono Lake, and this could lead to lower values being associated with the Sea.  
Mono Lake, in particular, is a very unique resource with a relatively high degree of scenic 
quality.  We would not be surprised if western U.S. residents generally are more aware of Mono 
Lake than they are of the Sea, and this, too, could affect aggregate values.  There also may be a 
perception that the SJV wetlands and Mono Lake are more “natural” resources deserving of 
preservation whereas the current Sea was formed (and continues to be sustained) by human 
manipulation of the environment.  We are not passing judgment on such perceptions; rather we 
simply are highlighting their role in value determination.   
 
                                                 
19 It is also worth noting that the time horizon considered in Loomis’ no-action scenario—30 years—is very similar 

to the expected amount of time it would take the Sea to transition in the absence of a restoration effort.   
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On the other hand, the Sea is linked to a much larger local economy than is Mono Lake, and it is 
arguably a much more important part of this economy than are wetlands to the SJV economy.  
Furthermore, this economy exhibits a high degree of poverty and health problems (Cohen and 
Hyun 2006) relative to the state-wide averages in California.  To the extent people are willing to 
pay to achieve a more equitable distribution of wealth and well-being in society, this would tend 
to increase the values derived from preserving the Salton Sea.   
 
Lastly, it is worth noting that the Draft Environmental Assessment and Land Protection Plan for 
the South San Diego Bay Unit of the San Diego National Wildlife Refuge states, “… values on 
the order of $10 to $100 per household per year [are] representative of the value California 
households place on the protection of resources such as South San Diego Bay.” (U.S. 
Department of the Interior 1998, p.75)  This range refers to non-use values and was used in the 
socioeconomic analysis for the Refuge, which also provides habitat in the Pacific Flyway and is 
in relatively close proximity to the Salton Sea.  However, the total amount of protected area 
being considered at the time was, at most, only 5,000 acres.  Converting this range of household 
values to 2006 dollars, aggregating across all California households (again using the 2000 census 
figures), and rescaling to 1,000 acres gives a total value in the range of $28 million to $280 
million annually.  Although we place relatively less faith in the accuracy of this estimate, it 
nonetheless appears to be consistent with our preceding estimate of $50 million for 1,000 acres.   

V. Conclusions 
 
The Salton Sea is a unique, biological diversity habitat that supports an abundance of wildlife.  
From an avian perspective, and quoting Shuford et al. (2002): 
 

Various studies indicate the Salton Sea is of regional or national importance to various 
species groups—pelicans and cormorants, wading birds, waterfowl, shorebirds, gulls 
and terns—and to particular species—the Eared Grebe, American White Pelican, 
Double-crested Cormorant, Cattle Egret, White-faced Ibis, Yuma Clapper Rail, Snowy 
Plover, Mountain Plover, Gull-billed Tern, Caspian Tern, Black Tern, and Black 
Skimmer. 

 
As Cohen and Hyun (2006) note, in addition over 402 bird species having been recorded in and 
around the Salton Sea, the Sea provides habitat to two species listed on the Federal Endangered 
Species List—the Yuma Clapper Rail and the Brown Pelican—and is possibly the most critical 
wintering habitat for eared Grebes worldwide.  Through its role in providing food (e.g., fish), as 
a roosting or nesting site, or as a stopover or wintering habitat for migratory birds along the 
Pacific Flyway, Salton Sea provides services to society at the local, state, regional, national, and 
international levels. 
 
Unfortunately, without substantial human intervention, the Salton Sea will cease to provide such 
an impressive array of critical, unique, and abundant services.  Rising salinity levels, continual 
inflows of pollution from agricultural drainage and wastewater flows, and a water transfer 
scheme that threatens to exacerbate salinity rise and inflow reductions will damage and degrade 
this habitat for roosting and breeding, and eliminate the food source (fish) for many of the bird 
species.  The outcome of this trend in habitat degradation and loss could be significant, for both 
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the Salton Sea in its ability to serve its historic function as a habitat for both birds and fish, and 
for the existence and health of particular bird and fish populations themselves.    
 
The objective of this report is to provide an approximate value for what society might gain from 
restoring and preserving the Salton Sea using a simple benefits transfer approach.  While time 
constraints restricted our ability to perform a specific and complete valuation study of the 
restoration alternatives for the Salton Sea relative to a baseline with no-action, or to analyze 
statistically the results from previous studies in a meta-analysis, we were able to obtain valuation 
estimates from previous studies that did perform such analyses of unique habitats, ecosystems, or 
endangered and threatened species.  Based on the estimated values from a variety of ecosystem 
or species valuation studies, and assuming the Salton Sea provides similar services or provides 
habitat to similarly valued individual and threatened species as investigated in these other 
studies, restoration and preservation of the Salton Sea may be worth between $1 and $5 billion 
annually to California residents.   
 
Caution is warranted regarding the interpretation of these estimates because they are based on 
previous studies involving different natural characteristics, different populations, and at different 
time periods.  Yet, ceteris paribus, economic theory suggests that loss of substitute habitat, 
increasing populations in California, the western U.S., and the U.S. as a whole, and increasing 
real income levels would all put upward pressure on these preservation values.  To echo Krutilla 
(1967) again, these unique natural resources are assets of appreciating value that provide a 
significant part of the real income of many individuals.  Furthermore, most of the studies we 
analyze are specific to a state or region rather than national in scope.  Based on the results of 
Loomis (2000) who evaluates six different resource preservation programs, residents within the 
states where each resource is located hold only a fraction of the total national value.  
Furthermore, as estimated in Loomis and White (1996) through their meta-analysis of valuation 
studies for rare, threatened, and endangered species, the authors find that even for the most costly 
endangered species preservation efforts, the benefits are likely to exceed the costs.  With these 
factors in mind, there are many reasons to believe that the estimates developed here are 
conservative estimates of the national values associated with Salton Sea restoration/preservation.     
 
In conclusion, while the costs of restoring the Salton Sea has been touted as exorbitant, with 
estimates exceeding $4 or $5 billion, when one considers the possible benefits of these 
restoration alternatives based on previous studies valuing other threatened ecosystems and 
species, the benefit-cost ratio, and indeed the net benefits, could very well likely be large.  
Clearly, for a more accurate representation of the benefits associated with restoration, a more 
specific and detailed valuation study of the restoration alternatives associated with the Salton Sea 
would need to be performed.  Yet with limited time before the legislature makes a decision based 
on the alternatives presented to it, information on the possible returns from restoring the Salton 
Sea may be gleaned from previous studies that have confronted similar situations.  Time and 
time again, it seems to be the case that when the non-market benefits of these unique natural 
resources are placed on equal footing with the costs of restoration, preservation seems to come 
out as the economically efficient strategy.  And from our perspective, we see no reason why such 
benefits should not be given standing in light of such precedence by other agencies, mandates, 
and legislation at both the state and federal level.   
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Table 1.  Previous Environmental Benefits Estimates with Potential Relevance for the Salton Sea Restoration Project.   
  
Source Summary Relevance Comments 

San Joaquin Valley 
Jones & Stokes Associates, Inc. 
1990.  Final Report: Environmental 
Benefits Study of San Joaquin 
Valley’s Fish and Wildlife 
Resources.  (JSA 87-150).  
Sacramento, CA.  Prepared by J.B. 
Loomis, W.M. Hanemann, and T.C. 
Wegge.   

Estimates that the average household in CA 
would be willing to pay $154 annually to 
avoid losing 58,000 acres of wetlands in the 
SJV, or $254 annually to obtain 40,000 
additional acres.  Estimates that the average 
household in OR, WA, and NV would be 
willing to pay $92 annually to avoid the 
same loss, or $161 annually to obtain the 
same increase. 
Current values in CA: $250 or $413 
annually per household 
Current values outside CA: $150 or $262 
annually per household 

Evidence of significant value held 
by western U.S. residents for 
wetlands maintenance and 
improvement in the California 
section of the Pacific Flyway.  
Demonstrates significant value 
beyond the vicinity of the 
resource.   

Baseline wetland acreage was 
85,000 (about 10% of original 
wetland acreage in the SJV).  Total 
value probably consists mostly of 
non-use values.  Approximately 
78% of the aggregate value is held 
by CA residents living outside the 
SJV.  Suggest caution applying 
these results to the Salton Sea due to 
different population & site 
characteristics. 

Ibid. Estimates that the average household in CA 
would be willing to pay $188 annually to 
avoid increasing the population of resident 
SJV wildlife exposed to agricultural 
drainage contaminants to 95%; or $313 
annually to reduce the exposed population to 
20%.  Estimates that the average household 
in OR, WA, and NV would be willing to pay 
$93 annually to avoid the same increase, or 
$131 annually to obtain the same decrease.   
Current values in CA: $306 or $509 
annually per household 
Current values outside CA: $151 or $213 
annually per household 

Evidence of significant value held 
by western U.S. residents for 
limiting or mitigating the effects 
of agricultural drainage on 
resident wildlife populations in 
California.  Demonstrates 
significant value beyond the 
vicinity of the resource.   

Baseline exposure level was 70%.  
Total value probably consists 
mostly of non-use values.  
Approximately 80% of the 
aggregate value is held by CA 
residents living outside the SJV.  
Suggest caution applying these 
results to the Salton Sea due to 
different population & site 
characteristics. 

Loomis, J. et al. 1991.  Willingness 
to Pay to Protect Wetlands and 
Reduce Wildlife Contamination 
from Agricultural Drainage.  In A. 
Dinar and D. Zilberman, eds., The 
Economics and Management of 
Water and Drainage in Agriculture.   
Boston: Kluwer.  

Estimates that California residents would be 
willing to pay $1.52 billion annually to avoid 
losing 58,000 acres of wetlands in the SJV; 
or $2.50 billion annually to obtain 40,000 
additional acres.   
Current values: $2.5 or $4.1 billion annually 
to California residents alone 

Evidence of significant aggregate 
value held by California residents 
for wetlands maintenance and 
improvement in the California 
section of the Pacific Flyway.   

Baseline wetland acreage was 
85,000.  Total value probably 
consists mostly of non-use values.  
Suggest caution applying these 
results to the Salton Sea due to 
different population & site 
characteristics.  Same results 
provided in Jones & Stokes (1990). 
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Source Summary Relevance Comments 
Ibid.  Estimates California residents would be 

willing to pay $1.85 billion annually to avoid 
increasing the population of resident SJV 
wildlife that is exposed to agricultural 
drainage contaminants to 95%; or $3.08 
billion annually to reduce the exposed 
population to 20%.   
Current values: $3 or $5 billion annually to 
California residents alone 

Evidence of significant aggregate 
value held by California residents 
for limiting or mitigating the 
effects of agricultural drainage on 
resident wildlife populations in 
California.   

Baseline exposure level was 70%.  
Total value probably consists 
mostly of non-use values.  Suggest 
caution applying these results to the 
Salton Sea due to different 
population & site characteristics.  
Same results provided in Jones & 
Stokes (1990). 

Hanemann, M. et al. 1991.  
Statistical Efficiency of Double-
Bounded Dichotomous Choice 
Contingent Valuation.  American 
Journal of Agricultural Economics 
73:1255-63. 

Estimates the average household in CA, OR, 
WA, and NV would be willing to pay $152 
annually to avoid losing 58,000 acres of 
wetlands in the SJV; or $251 annually to 
obtain 40,000 additional acres.   
Current values: $247 or $408 annually per 
household in western U.S. 

Evidence of significant value held 
by western U.S. residents for 
wetlands maintenance and 
improvement in the California 
section of the Pacific Flyway.   

Baseline wetland acreage was 
85,000.  Total value probably 
consists mostly of non-use values.  
Implements a more efficient 
statistical method.  Suggest caution 
applying these results to the Salton 
Sea due to different population & 
site characteristics.  

Ibid. Estimates the average household in CA, OR, 
WA, and NV would be willing to pay $187 
annually to avoid increasing the population 
of resident SJV wildlife that is exposed to 
agricultural drainage contaminants to 
95%; or $308 annually to reduce the exposed 
population to 20%.   
Current values: $304 or $501 annually per 
household in western U.S. 

Evidence of significant value held 
by western U.S. residents for 
limiting or mitigating the effects 
of agricultural drainage on 
resident wildlife populations in 
California.   

Baseline exposure level was 70%.  
Total value probably consists 
mostly of non-use values.  
Implements a more efficient 
statistical method.  Suggest caution 
applying these results to the Salton 
Sea due to different population & 
site characteristics.   

Creel, M. and J. Loomis. 1992.  
Recreation Value of Water to 
Wetlands in the San Joaquin Valley: 
Linked Multinomial Logit and 
Count Data Trip Frequency Models.  
Water Resources Research 
28(10):2597-2606. 

Estimates that the annual benefits derived by 
the average visitor to wetlands in the SJV 
by recreation type:  
Wildlife viewers….$128-$152 annually 
Anglers……………$126-$137 annually 
Hunters…………..  $149-$159 annually 
Current values per visitor:  
Wildlife viewer……$209-$248 annually 
Angler……………..$205-$223 annually 
Hunter……………. $243-$259 annually 
Also, estimates aggregate value for all 14 
sampled destinations (current annual value ≈ 
$130 million). 

Evidence of significant use value 
associated with wetlands in the 
California section of the Pacific 
Flyway.  

Range of values due to different 
assumptions of statistical model.  
Suggest caution applying these 
results to the Sea due to different 
population & site characteristics.    
Estimates that increasing wetland 
water allocations to optimal levels 
would increase benefits by around 
17%.  Finds that values for multi-
purpose users are greater than the 
sum of the values for single-purpose 
users.  These values should not be 
added to the preceding estimates.   
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Source Summary Relevance Comments 
Hoehn, J.P. and J.B. Loomis. 1993.  
Substitution Effects in the Valuation 
of Multiple Environmental 
Programs.  Journal of 
Environmental Economics and 
Management 25(1): 56-75.  

Estimates that the average household in the 
SJV would be willing to pay $120 annually 
to avoid losing 58,000 acres of wetlands in 
the SJV; or $166 annually to obtain 40,000 
additional acres.   
Current values: $195 or $270 annually per 
household in SJV 

Evidence of significant value held 
by SJV residents for wetlands 
maintenance and improvement in 
the California section of the 
Pacific Flyway.    

Baseline wetland acreage was 
85,000.  Total value probably 
consists mostly of non-use values.  
Considers cross-policy substitution 
effects not addressed by preceding 
studies, and derives lower values.  
Suggest caution applying these 
results to the Sea due to different 
population & site characteristics.   

Ibid.  Estimates that the average household in the 
SJV would be willing to pay $113 annually 
to avoid increasing the population of 
resident SJV wildlife that is exposed to 
agricultural drainage contaminants to 
95%; or $184 annually to reduce the exposed 
population to 20%.   
Current values: $184 or $299 annually per 
household in SJV 

Evidence of significant value held 
by SJV residents for limiting or 
mitigating the effects of 
agricultural drainage on resident 
wildlife populations in California.  

Baseline exposure level was 70%.  
Total value probably consists 
mostly of non-use values.  
Considers cross-policy substitution 
effects not addressed by preceding 
studies, and derives lower values.  
Suggest caution applying these 
results to the Sea due to different 
population & site characteristics.  

Pate, J. and J.B. Loomis. 1997.  The 
Effect of Distance on Willingness to 
Pay Values: a Case Study of 
Wetlands and Salmon in California.  
Ecological Economics 20(3):199-
207.  

Estimates that the average household in CA 
would be willing to pay $211 annually to 
obtain 40,000 additional acres of wetlands 
in the SJV.  Estimates that the average 
household in OR, WA, and NV would be 
willing to pay $103 annually to obtain the 
same increase.   
Current values in CA: $343 annually per 
household 
Current values outside CA: $167 annually 
per household 

Evidence of significant value held 
by western U.S. residents for 
wetlands improvement in the 
California section of the Pacific 
Flyway.  Demonstrates significant 
value beyond the vicinity of the 
resource. 

Baseline wetland acreage was 
85,000.  Total value probably 
consists mostly of non-use values.  
Estimates how distance from the 
resource affects value, and 
calculates values for each state.  
Suggest caution applying these 
results to the Salton Sea due to 
different population & site 
characteristics.   

Ibid. Estimates that the average household in CA 
would be willing to pay $223 annually to 
avoid increasing the population of resident 
SJV wildlife that is exposed to agricultural 
drainage contaminants to 95%.  Estimates 
that the average household in OR, WA, and 
NV would be willing to pay $91 annually to 
avoid the same increase.   
Current value in CA: $363 annually/hh 
Current value outside CA: $148 annually/hh 

Evidence of significant value held 
by western U.S. residents for 
limiting the effects of agricultural 
drainage on resident wildlife 
populations in California.  
Demonstrates significant value 
beyond the vicinity of the 
resource.   

Baseline exposure level was 70%.  
Total value probably consists 
mostly of non-use values.  
Calculates values for each state.  
Suggest caution applying these 
results to the Salton Sea due to 
different population & site 
characteristics.   
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Source Summary Relevance Comments 
An, M.Y. 2000.  A Semi-Parametric 
Distribution for Willingness to Pay 
and Statistical Inference with 
Dichotomous Choice Contingent 
Valuation Data.  American Journal 
of Agricultural Economics 82:487-
500.  

Estimates that the average household in CA 
but outside the SJV would be willing to pay 
between $155 and $190 annually to obtain 
40,000 additional acres of wetlands in the 
SJV.    
Current value: $252-$309 annually per 
household in CA not in SJV  

Evidence of significant value held 
by California residents for 
wetlands improvement in the 
California section of the Pacific 
Flyway.   

Baseline wetland acreage was 
85,000.  Total value probably 
consists mostly of non-use values.  
Range of values due to different 
assumptions in statistical model.  
Suggest caution applying these 
results to the Sea due to different 
population & site characteristics.   

Mono Lake 
Loomis, J. 1987.  Balancing Public 
Trust Resources of Mono Lake and 
Los Angeles’ Water Right: An 
Economic Approach.  Water 
Resources Research 23(8):1449-
1456. 

Estimates that the average household in CA 
would be willing to pay between $3.27 and 
$7.43 monthly to avoid lowering the water 
level in Mono Lake from 6,372 feet above 
MSL to 6,342 feet; and between $9.58 and 
$21.78 monthly to raise it from 6,372 feet to 
6,387 feet above MSL.   
Current values: $6.12-$13.91 and $17.94-
$40.79 monthly per household in CA 
depending on increase in elevation. 

Evidence of significant value held 
by California residents for 
preservation of saline lake habitat 
that supports migratory 
waterfowl, including Eared 
Grebes, in the California section 
of the Pacific Flyway. 

Range of values is due to different 
assumptions about how to 
extrapolate individual values to the 
California population.  Total value 
probably consists mostly of non-use 
values.  The lower numbers are 
considered conservative estimates.  
Suggest caution applying these 
results to the Sea due to different 
population & site characteristics.   

Loomis, J. 1989.  Test-Retest 
Reliability of the Contingent 
Valuation Method: A Comparison 
of General Population and Visitor 
Responses.  American Journal of 
Agricultural Economics 71(1):76-
84. 

Estimates that the average household in CA 
would be willing to pay between $4.72 and 
$5.51 monthly to avoid lowering the water 
level in Mono Lake from 6,372 feet above 
MSL to 6,342 feet; and between $4.12 and 
$5.89 monthly to raise it from 6,372 feet to 
6,387 feet above MSL.   
Current values:  $8.87-$10.14 and $7.75-
$10.84 monthly per household in CA. 

Evidence of significant value held 
by California residents for 
preservation of saline lake habitat 
that supports migratory 
waterfowl, including Eared 
Grebes, in the California section 
of the Pacific Flyway.   

Range of values is due to multiple 
surveys of the same population.  
Total value probably consists 
mostly of non-use values.   Also 
surveyed Mono lake visitors and 
found their values to be about twice 
as high as non-visitors (reported 
here).  Suggest caution applying 
these results to Sea due to different 
population & site characteristics.   

Jones & Stokes Associates, Inc. 
1993.  Environmental Impact Report 
for the Review of Mono Basin 
Water Rights of the City of Los 
Angeles.  Draft.  May.  (JSA 90-
171)  Sacramento, CA.  Prepared for 
the California State Water 
Resources Control Board, Division 
of Water Rights, Sacramento, CA.   
 

Estimates that California residents would be 
willing to pay $81.90 annually to increase 
the Mono Lake water level from 6,372 feet 
above MSL to 6,377 feet; and $9.26 annually 
to increase the water level from 6,377 feet to 
6,390 feet above MSL.   
Current values: $117.63 and $13.30 
annually per resident. 

Evidence of significant value held 
by California residents for 
preservation of saline lake habitat 
that supports migratory 
waterfowl, including Eared 
Grebes, in the California section 
of the Pacific Flyway. 

Survey asked respondents to 
consider slightly different water 
elevations; authors then adjusted the 
values to reflect the elevations 
considered in the EIR (shown here).  
Total value probably consists 
mostly of non-use values.  Suggest 
caution applying these results to the 
Salton Sea due to different 
population & site characteristics.   
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Source Summary Relevance Comments 
Endangered Species 

Boyle, K.J. and R.C. Bishop. 1987.  
Valuing Wildlife in Benefit-Cost 
Analysis: a Case Study Involving 
Endangered Species.  Water 
Resources Research 23:943-950.  

Estimates that the average resident of WI 
would be willing to pay between $4.16 and 
$5.66 per person annually to prevent the 
extinction of the striped shiner. 
Current value: $7.80-$10.62 
annually/person 

Evidence of significant value held 
by U.S. residents for preservation 
of an unfamiliar and 
uncharismatic endangered fish 
species.   

Total value probably consists 
mostly of non-use values.  Caution 
applying these results to the Salton 
Sea due to different population & 
site characteristics.   

Bowker, J.M. and J.R. Stoll. 1988.  
Use of Dichotomous Choice 
Nonmarket Methods to Value the 
Whooping Crane Resource.  
American Journal of Agricultural 
Economics 70(2):372-81.  

Estimates that respondents in Texas and four 
major U.S. cities (Los Angeles, Chicago, 
Atlanta and New York) would be willing to 
pay between $21 and $70 per person 
annually to help preserve the whooping 
crane. 
Current value: $43-$142 
annually/respondent 

Evidence of significant value held 
by U.S. residents for preservation 
of endangered bird species.   

The relatively wide range of values 
is due to different assumptions made 
about the statistical model.  Suggest 
caution applying these results to the 
Salton Sea due to different 
population & site characteristics.  
Respondents may have reported 
household WTP.   

Loomis, J.B. and D.S. White. 1996.  
Economic Benefits of Rare and 
Endangered Species: Summary and 
Meta-analysis.  Ecological 
Economics 18(3):197-206.  

Authors present a meta-analysis of valuation 
studies for rare, threatened, and 
endangered species.   

Evidence of value associated with 
rare, threatened, and endangered 
fish and bird species. 

Authors argue that even for the most 
costly endangered species 
preservation efforts, the benefits are 
likely to exceed the costs.   

Loomis, J. and E. Ekstrand. 1997.  
Economic Benefits of Critical 
Habitat for the Mexican Spotted 
Owl: A Scope Test Using a 
Multiple-Bounded Contingent 
Valuation Survey.  Journal of 
Agricultural and Resource 
Economics 22(2): 356-66. 

Estimates that U.S. residents would be 
willing to pay $1.8-$3.7 billion annually to 
preserve habitat in AZ, CO, NM, and UT for 
the Mexican Spotted Owl. 
Current values: $2.3-$4.8 billion annually 

Evidence of significant value held 
by U.S. residents for preservation 
of an endangered bird species.   

Range of values is due to different 
assumptions made about the 
statistical model.  The lower number 
is a conservative estimate.  Suggest 
caution applying these results to the 
Salton Sea due to different 
population & site characteristics.   

Stanley, D.L. 2005.  Local 
Perception of Public Goods: Recent 
Assessments of Willingness-to-Pay 
for Endangered Species.  
Contemporary Economic Policy 
23(2):165-79.  

Estimates that the average household in 
Orange County, CA would be willing to pay 
$25 annually ($7.5-8 million for the entire 
county) to preserve the Riverside fairy 
shrimp, which otherwise would likely 
become extinct within the next 100 years.   
Current values: $28 per household, or $8.5-
9.0 million county-wide, annually 
 
 

The fairy shrimp is a non-
charismatic endangered species 
that is not well-known by the 
public but is an important food 
source for migratory birds.  
Evidence of significant value held 
by southern California residents 
for habitat that supports migratory 
bird populations.   

The author also argues for national 
support of species preservation 
efforts due to geographically wide-
spread benefits.  Suggest caution 
applying these results to the Salton 
Sea due to different population & 
site characteristics and/or distance.   
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Source Summary Relevance Comments 
Waterfowl Hunting 

Brown, G.M. and J. Hammack. 
1972.  A Preliminary Investigation 
of the Economics of Migratory 
Waterfowl.  In J.V. Krutilla, ed., 
Natural Environments.  Baltimore: 
Johns Hopkins University Press.  

Estimates the net economic value of 
waterfowl hunting in the Pacific Flyway is 
$25 per trip or $247 per season.   
Current values: $145 per trip or $1,432 per 
season 

Evidence of significant use value 
associated with serviced provided 
by bird habitat in the Pacific 
Flyway.  

Relatively old study.  “Net 
economic value” refers to the 
difference between the benefit of a 
trip and its cost.   

Hay, M. 1988.  Net Economic 
Recreation Values for Deer, Elk, 
and Waterfowl Hunting and Bass 
Fishing.  U.S. Dept. of the Interior 
Fish and Wildlife Service. 

Estimates the net economic value of a 
waterfowl hunting trip in the Pacific 
Flyway is $25, and that of a bass fishing 
trip in California is $22. 
Current values: $47 per trip for hunting and 
$41 per trip for fishing 

Evidence of significant use value 
associated with services provided 
by bird habitat in the Pacific 
Flyway and fish habitat in 
California.   

Unable to locate publication 
(summary provided by EVRI).  
Total number of trips not provided.  
“Net economic value” refers to the 
difference between the benefit of a 
trip and its cost.     

Duffield, J. and C. Neher 1991.  
Montana Waterfowl Hunting, A 
Contingent Valuation Assessment of 
Economic Benefits to Hunters. 
Montana Department of Fish, 
Wildlife and Parks.   

Estimates the value of a waterfowl hunting 
trip in the Montana section of the Pacific 
Flyway is around $140.   
Current value: $228 per trip 

Evidence of significant use value 
held by non-California residents 
for services provided by Pacific 
Flyway habitat.   

Unable to locate publication 
(summary provided by EVRI).  
Total number of trips not provided.  
Also determines the effects of 
more/fewer birds on the value of a 
trip, but not specifically for Pacific 
Flyway trips.   

Other Studies 
Green, D., et al. 1998.  Referendum 
Contingent Valuation, Anchoring, 
and Willingness to Pay for Public 
Goods.  Resource and Energy 
Economics 20:85-116.   

Estimates respondents in San Francisco, CA 
would be willing to pay around $64 per 
person annually to protect 50,000 Pacific 
Coast seabirds from off-shore oil spills.   
Current value: $85 per person 

Demonstrates significant value 
held by California residents for 
protecting part of an aquatic-
based west coast bird population.   

The study was conducted primarily 
to test the contingent valuation 
method and it showed that WTP can 
be influenced by question structure.  
Caution applying these results to a 
large population or to the Salton Sea 
due to the survey design 
characteristics.   

Boyle, K.J., et al. 1994.  An 
Investigation of Part-Whole Biases 
in Contingent-Valuation Studies.  
Journal of Environmental 
Economics and Management 27(1): 
64-83.  

Estimates respondents in Atlanta, GA would 
be willing to pay at least $88 per person to 
protect 2% of the migratory bird 
population in the Central Flyway (200,000 
birds) from presumably certain human-
induced mortality.   
Current value: $127 per person 

Evidence of significant value held 
by residents of a geographically 
separate region for protecting a 
small portion of a migratory bird 
population within a single flyway.  

The study was conducted primarily 
to test the contingent valuation 
method and it showed that WTP did 
not increase with the number of 
avoided deaths.  Caution applying 
these results to a large population or 
to the Salton Sea due to the survey 
design characteristics.   
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Loomis, J. B. 2000.  Vertically 
Summing Public Good Demand 
Curves: An Empirical Comparison 
of Economic Versus Political 
Jurisdictions.  Land Economics 
76(2):312-21.  

For six different resource preservation 
programs, estimates the fraction of national 
value held by residents within the state(s) 
where the resource is located.  Finds, on 
average, that only 13% of total value is held 
by state residents.   

Evidence of significant value held 
by out-of-state residents.  
Resources valued include: three 
California programs (wetlands, 
wildlife exposure to agricultural 
contamination, spotted owl) and 
three other programs focused on 
birds, fish, and 
rare/threatened/endangered 
species. 

Confidence intervals are relatively 
wide and include 100% of national 
value for three of the programs, 
including two in California.  
Average percent of national value 
held by California residents is 
around 18%.   

Johnston, R.J., et al. 2002.  Valuing 
Estuarine Resource Services Using 
Economic and Ecological Models: 
The Peconic Estuary Study System.  
Coastal Management 30: 47-65.  

Estimates that the average household in 
eastern Long Island, NY would be willing to 
pay around $0.066 annually to preserve an 
additional acre of wetlands in eastern Long 
Island.   
Current value: $0.087 annually/household 

Evidence of value associated with 
incremental protection of 
wetlands. 

Suggest caution applying these 
results to the Salton Sea due to 
different population & site 
characteristics.  Also, WTP likely 
includes both use and non-use 
value.   

Brander et al. 2006.  The Empirics 
of Wetland Valuation: A 
Comprehensive Summary and a 
Meta-Analysis of the Literature.  
Environmental & Resource 
Economics 33:223-50.  

Authors present a meta-analysis of valuation 
studies for wetland services and estimate a 
meta-regression that can facilitate benefit 
transfer.   

Evidence of value associated with 
ecological services provided by 
wetlands. 

Benefit transfer errors average 
around 74%.   

Notes:  Current values for individual respondents and/or households are adjusted to 2006 dollars using the U.S. Department of Labor, Bureau of Labor Statistics 
Consumer Price Index.  Aggregate values reported in the table are not adjusted for temporal changes in factors such as population (this does not apply to 
the main text).  SJV = San Joaquin Valley.  WTP = Willingness-to-pay.  MSL = mean sea level.  EIR = Environmental Impact Report.  hh = household.  
NA = not applicable/available.   
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Table 2.  Present Value of $1 Billion Annually for Various Discount Rates and Time Horizons.    
 

Annual Discount Rate (%) Time 
(years) 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

5 4.85 4.71 4.58 4.45 4.33 4.21 4.10 3.99 3.89 3.79
10 9.47 8.98 8.53 8.11 7.72 7.36 7.02 6.71 6.42 6.14
15 13.87 12.85 11.94 11.12 10.38 9.71 9.11 8.56 8.06 7.61
20 18.05 16.35 14.88 13.59 12.46 11.47 10.59 9.82 9.13 8.51
25 22.02 19.52 17.41 15.62 14.09 12.78 11.65 10.67 9.82 9.08
30 25.81 22.40 19.60 17.29 15.37 13.76 12.41 11.26 10.27 9.43
35 29.41 25.00 21.49 18.66 16.37 14.50 12.95 11.65 10.57 9.64
40 32.83 27.36 23.11 19.79 17.16 15.05 13.33 11.92 10.76 9.78
45 36.09 29.49 24.52 20.72 17.77 15.46 13.61 12.11 10.88 9.86
50 39.20 31.42 25.73 21.48 18.26 15.76 13.80 12.23 10.96 9.91
75 52.59 38.68 29.70 23.68 19.48 16.46 14.20 12.46 11.09 9.99

100 63.03 43.10 31.60 24.50 19.85 16.62 14.27 12.49 11.11 10.00
Notes:  Table entries are expressed in billions of dollars.  Multiply entries by 5 to calculate the present value of $5 billion annually.  Multiply by X to calculate 

the present value of $X billion annually.   
 
 



 

 
 
 
 

ATTACHMENT 4 
Large Attachments to Salton Sea Authority Comment Letter 








































































































